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DECLARATION OF J. CHRISTOPHER GRIMALDI. UNDER 37 CFR § 1 AM 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

I, J. Christopher Grimaldi, declare and state as follows: 

1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. My scientific Curriculum Vitae, including my list of publications, is attached ,t6 
and forms part of this Declaration (Exhibit A). .' 7 

3. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Goning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in. the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 

4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA sequences of interest in normal and tumor tisisues. 
The analyses were designed to determine whether a difference exists between gene expression in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly imder different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PCR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PCR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if fiirther 
information is desired. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willfiil false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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SRA University of California, San Francisco 

Cancer Research Institute; 2/87-4/89. 
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studies of AIDS-associated lymphomas, and cloning of t(5; 14), t(l 1 ; 14), and t(8; 14) 
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Research 
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The t(5;14) Chromosomal translocation in a Case of Acute Lymphocytic 
ILeukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 



By J. Christopher GrimalcTi and Timothy C. Meeker 



Ctiromosomal translocations have proven to be important 
markers of the genetic abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
one can identify activated proto-oncogenes. We have stud- 
ied a case of B-lineage acute lymphocytic leukemia (ALL) 
tNat was associated with peripheral blood eosinophilia. The 
chromosomal translocation t(6;14) (q31;q32) from this 
sample was cloned and studied at the molecular level. This 



translocation joined the immunoglobulin heavy chain Join- 
ing (Jh) region to the promoter region of the interleukin-3 
(IL-3) gene In opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer of the Immunoglobulin heavy chain gene may play 
a central role In the pathogenesis of this leukemia and the 
associated eosinophilia. 
(D 1989 by Grune & Stratton, Inc, 



KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
intimunoglobulin heavy chain (IgH) gene with important 
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Fig 1. DNA blots of the leukemia sample. The restriction 
fragment pattern of normal human DNA (N) and the leukemja 
sample (U were compared using a human Jh probe. Rearranged 
bands are indicated by arrows. Sample L exhibits a single rear- 
ranged band with both H/ndlU/fcoRI and Sau3A restriction 
digests. The rearranged bands are less intense than the other 
bands because the majority of cells In the sample represent normal 
bone marrow elements. 



protooncogenes, such as c-myc and In this way, the 

IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generation of leukemia and lymphoma. 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinophilia in the peripheral blood, and a t(5;14)(q31;q32) 
chromosomal translocation.''^ This syndrome probably 
occurs in <1% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by French-American- 
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(5;14)(q31;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made.^ Briefly, 
10 Mg of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electrpphoresed on a 0.8% 
'agafcfse '^1. The gel was stained with ethidium bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported.* 

Genomic library. The genomic library was made using pub- 
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lished methods.^ Approximately 100 Mg of high mol wt genomic 
DNA were partially digested with the Sau3A restriction enzyme. 
Fragments from 9 to 23 kilobases (kb) in size were isolated on a 
sucrose gradient and ligated into phage EMBL3A (Strategenc, San 
Diego), Recombinant phage were packaged* plated, and screened as 
previously reported.* 

DNA sequencing. Fragments for sequencing were cloned into 
M13 vectors and sequenced by the chain termination method using 
Sequenase (United States Biochemical, Cleveland).' AH sequence 
data were derived from both strands. 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral cosinophilia. Karyotypic 
analysis showed the characteristic t(5;14)(q31;q32) translo- 
cation. These features define a distinctive subtype of ALL.''^ 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence. They were positive for Bl (CD20) 
B4 (CD19). cALLA (CDIO). HLA-DR, and terminal 
deoxynucleotidyl transferase (Tdt), but negative for surface 
immunoglobulin. This phenotypic profile describes an imma- 
ture cell from the B-lymphocytic lineage.* 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
EcoKl, Hindlll, Sstl, Sau3A, and EcoRl plus Hindlll 
restriction digesU, suggesting rearrangement of one allele 
(F;ig 1). The immunoglobulin Jh reg;ion from the other allele 
was presumably either deleted or in the germline configura- 
tion. 

We hypothesized that the t(5;14)(q31;q32) juxtaposed a 



GRIMALDI AND MEEKER 

growth-promoting gene on chromosome 5 with the immuno- 
globulin Jh region on chromosome 14. Therefore, a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged Sau3A 
fragment that was detected by DNA blotting. By this 
analysis, five clones appeared to represent the rearranged 
allele identified by DNA blots. One of these clones (clone no. 
4) was chosen for further study and a detailed restriction 
map was generated. The EcoRI, HindlU/EcoRl and Sstl 
fragments from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample, confirming that clone no. 4 
represented the rearranged leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH 
gene from Jh4 to the Cmu region appeared to be in germline 
configuration. Previously, the gene encoding hematopoietic' ' 
growth factor IL-3 had been mapped to chromosome 5q3 1 so 
it was suspected that clone no, 4 might contain part of this 
gene.*"" When the restriction map of human IL-3 and clone 
no. 4 were compared, they were identical for more than 3 kb 
(Fig 2). 

We confirmed the juxtaposition of the IL-3 gene and the 
IgH gene by nucleic acid sequencing of the subcloned 
BstEll/Hpal fragment (Fig 2). The sequence of this frag- 
ment showed no disruption of the protein coding region or the 
messenger RN A of the IL-3 gene. The break in the IL-3 gene 
occurred in the promoter region. 452 base pairs (bp) 
upstream of the transcriptional start site (position 64, Fig 
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T(6;f 4) CHROMOSOMAL TRANSLOCATION 

3A>. The break in the IgH gene occurred 2 bp upstream of 
the Jb4 region. Between the two breaks, 25 bp of uncertain 
origin (putative N sequence) were inserted,"*" No sequences 
homologous to the immunoglobulin heptamer and nonamer 
cou-ld be identified in the IL-3 sequence (Fig 3B). Therefore, 
nucleic acid sequencing confirmed the juxtaposition of the 
IL-3 gene and the IgH gene. The sequence data clearly 
showed that the genes were positioned in opposite transcrip- 
tional orientations (head-to-head). 

Available data also allowed us to determine the normal 
positions of the IL-3 gene and the GM-CSF gene in relation 
to the centromere of chromosome 5 (Fig 4). The IgH gene is 
known to be positioned with the variable regions toward the 
telomere on chromosome 14q.^*^ It has also been shown that 

• • • • 

A 5 • GGTGACCAGGGTTCCCTGGCCCCAGTAGTCAAAGTAGTAGAGCTAATTCATCATAGCTGCGGATTAGCAGCGTGACCGGC 
3 • CCACTGGTCCCAAGGGACCGGGGTCATCAGTTTCATC ATCTCCATTAAGTAGTATCGACGCCTAATCGTC 

. • • • 

5 • TACCAGACAAACTCTC ATCTGTTCCAGTGGCCTCCTGGCCACCC ACCAGGACCAAGCAGGGCGGGCAGCAGAGGGCC AGG 
3 • ATGGTCTGTTTGAGAGTAGACAAGGTCACCGGAGGACCGGTGGCTGGTCCTGGTTCGTCCCGCCCGTCGTCTC^^ 

********* • • • 

5 • GTAGTCCAGGTGATGGCAGATGAGATCCCACTGGGCAGGAGGCCTCAGTGAGCTGAGTCAGGCTTCCCCTTCCTGCCACA ^aq 
3 • CATCAGGTCCACTACCGTCTACTCTAGGGTGACCCGTCCTCCGGAGTCACTCGACTCAGTCCGAAGGG^ 

• • • • 

5 • GGGGTCCTCTC ACCTGCTGCCATGCTTCCCATCTCTCATCCTCCTTGACAAGATGAAGTGATACCGTTTAAGTMTCTTT ^ j 0 
3 • CCCCAGGAGAGTGGACGACGGTACGAAGGGTAGAGAGTAGGAGGAACTGTTCTACTTCACTATGGC AAATTCATTAGA^ 

********* 

5 • TO^TTGTTTCACTGATCTi^GTACTAGAAAGTC ATGGATGAATAATTACGTCTGTGGT^ 

3 • AAAGAACAAAGTGACTAGAACTCATGATCTTTCAGTACCTACTTATTAATGC AGACACCAAAAGATACCTC^ 

• • 

5 • CAGATAAAGATCCTTCCQACGCCTGCCCCACACCACCACCTCCCCCCGCCTTGCCCGGGGTTGTGGGC ACCTTGCTGCTG .qq 
3 ' GTCTATTTCTAGGAAGGCTGCGGACGGGGTGTGGTGGTGGAGGGGGGCGGAACGGGCCCCAACACCCGTGGAACGACGAC 



5'CACATMAAGGCGGGAGGTTGTTGCCAACTCTTCAGAGCCCCACGAAGGACCAGAACAAGACAGAGTGCCTCCTGCC^^ 
3'GTGTATATTCCGCCCTCCAACAACGGTTGAGAAGTCTCGGGGTGCTTCCTGGTCTTGTTCTGTCTCACGGAGGACGGCTA 



5 • CCAAACMGAGCCGCCTGCCCGTCCTGCTCCTGCTCCAACTCCTGGTCCGCCCCG 

3 • GGTTTGTACTCGGCGGACGGGCAGGACGAGGACGAGGTTGAGGACCAGGCGGGGCCTGAGGTTCGAGGGTACTGGGTCTG ' 



5 ' AACGTCCTTGAAGACAAGCTGGGTTAAC 3 ' 
3 ' TTGCAGGAACTTCTGTTCGACCCAATTG 5 • 

5 • TGGCCCCAGTAGTCAAAGTAGTCACATTGTGGGAGGCCCCATTAAGGGGTGCACAAAAACCTGACTCTC 
3 • ACCGGGGTCATCAGTTTCATCAGTGTAACA CCCTCCGGGGTAATTCCCCACGTGTTTTTGGACTGAGAG 

++++++++++++++++++++++ 
5'TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCATCATAGCTGCGGATTAGCAGCGTGACCGGCTACCA 
3 • airrr:nr^CTraTr&CTTTrATr ATrTrCATTAAGTAGTATCGACGCCTA ATCGTCGCACTGGCCGATGGT 

++++++++++++++++++++++ 

5 • GGCACCAAGAGATGTGCTTCTCAGAGCCTGAGGCTGAACGTGGATGTTTAGCAGCGTGACCGGCTACCA 
3 • CCGTGGTTCTCTACACGAAGAGTCTCGGACTCCGACTTGCACCTACAAATCGTCGCACTGGCCGATGGT 

Fig 3. Sequence of t(6:14)(q31;q32) breakpoint region. (A) Nucleotide eequence of the Bst£\\/Hpa\ fragment indicated on Fig 2. 
Nucleotides 1 to 36 represent the Jh4 coding region underlined on the coding strand.* Nucleotides 39 to 63 are a putative N region. The 
sequence from position 64 to 668 is that off the germiine IL-3 gene.** The iL-3 TATA box (485), transcription start (615), and Initiation 
methionine (667) are underlined. Two proposed regulatory sequences in the promoter are marked by asterisks (positions 1 82 and 389). (B) 
Comparative sequence of the t(5:14)(q31:q32) breakpoint region. The lgJh4 region is shown with its coding region, heptamer, and 
nonamer underlined. Clone no. 4 is shown with putative N region sequences underlined. The IL-3 sequence is also shown. A plus sign (+) 
denotes the Identical nucleotide between sequences. No heptamer or nonamer is identified In the IL-3 sequence. 
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GM-CSF maps within 9 kb of IL-3 in the same transcrip- 
tional orientation.^^ Using this information and assuming a 
simple translocation event in our sample, we can conclude 
that the IL-3 gene is normally more centromeric, and the 
GM-CSF gene more telomeric on chromosome 5q (Fig 4). 
Furthermore, both are transcribed with their 5' ends toward 
the centromere. 

DISCUSSION 

In this report we have cloned a unique chromosomal 
translocation that appears to be a consistent feature of a rare, 
yet distinct, clinical form of acute leukemia. This transloca- 
tion joined the promoter of the IL-3 gene to the IgH gene. 
Except for the altered promoter, the IL-3 gene appeared 
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Fig 4. Diagram of the translocation. Tlie normal chromoaomo 
5q31 is shown with the GIVI-CSF gene telomeric to the IL-3 gene in 
the transcriptional orientation shown. On normal chromosome 
^4q32 the Vh regions are telomeric. The t(6;14)(<|31;q32) translo- 
cation results In the head-to-head orientation of these genes. 
Symbols are defined in Fig 2. BP, brealcpoint position. 



intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene." »« This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
important for activation of the c-myc gene in some cases of 
Burkitt*s lymphoma.'* An alternate hypothesis is that the 
elimination of an upstream IL-3 promoter element is crucial 
to the activation of the IL-3 gene. 

The proposed activation of the IL-3 gene suggests that an 
autocrine loop is important for the pathogenesis of this 
leukemia. Over-exprcssion of the IL-3 gene coupled with 



the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard, there 
are data indicating that immature B-Uneage lymphocytes 
and B-lineage leukemias may express the IL-3 receptor.^**^ 

An additional feature of this type of leukemia is the 
dramatic eosinophilia, consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but are stimulated by the tumor.^*" 
Because of the known effect of IL-3 on eosinophil differentia- 
tion, secretion of high levels of IL-3 by leukemic cells might 
have a role in the eosinophilia in this type of leukemia." 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role in this translocation."'*^ This is supported by the break- 
point location at the 5' end of Jh4 and the presence of 
putaUve N-region sequences. On the other hand, no recombi- 
nation signal sequence (heptamer and nonamer) was found 
in this region on chromosome 5, suggesting that additional 
factors also played a role. Further studies will elucidate the 
mechanism of this and other translocations. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only 14 kb away (Fig 4). This 
is known to be within the range of enhancer activation.^ The 
interleukin-5 (IL-5) gene maps to chromosome 5q31." 
Deregulation of the IL-5 gene by this translocation would act 
syncrgistically with IL-3 in the stimulation of eosinophil 
proliferation and differentiation.^' These and other questions 
will be answered by the study of more patient samples; We 
plan to determine whether the t(5;14)(q3l;q32) transloca- 
tion is capable of activating multiple lymphokines simulta- 
neously and whether they cooperate in the generation of this 
leukemia. 
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RAPID COMMUNICATION 

Activation of the Interleukin*3 Gene by Clironiosome Translocation in Acute 
Lympliocytic Leulcemia With Eosinophilia 

By Timothy C. Meieker, Dan Hardy, Cheryl Willman, Thomas Hogan, and John Abrams 



The t(5;14)(q31;q32) translocation from B-llneage acute 
lymphocytic leukemia with eosinophilia has been cloned 
from two leukemia samples. In both cases, this transloca- 
tion Joined the IgH gene and the lnterieukin-3 (IL-3) gene, in 
one patient, excess IL-3 mRNA was produced by the 
leukemic cells. In the second patient, serum IL^ levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto-oncogenes, such as 
bcl'2, oabU and c-mycy that are .located adjacent to the 
translocationJ*^ It is now widely understood that cancer- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lincage immunophcnotype, eosinophilia, and 
the t(5;14)(q31;q32) translocation.*-^ Leukemic cells from 
such patients have been positive for terminal deoxynucleotidyl 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD 19, but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and interleukin-3 (IL-3) genes 
were joined by this abnormality.* In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 
Samples and Southern blots. Case 1 has been described.^ * 
Clinical features of Case 2 have been described in detail.' DNA 
isolation and Southern blotting was done using previously described 
methods.^ Filters were hybridized with an immunoglobulin Jh probe, 
a 280 bp BamHl/EcoRl genomic IL-3 fragment, and an IL-3 
cDNA probe.'" 

Northern blots, RN A isolation and Northern blotting have been 
described.' Briefly, Northern blots were done by separating 9ng 
total RNA on 1% agarose-fonnaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the Xho I site in 
exon 5. a 720 bp Sst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa I IL-5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF)cDNAprobe.»«-" 

Polymerase chain reaction. Primers were designed with BamHl 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 144:5'-TAGGATCCGACGGTGACCAGGGT), 
and the other hybridized to the region of the TATA box in the IL-3 
gene (Primer 161: 5'-AACAGGATCCCGCCTTATATGTGCAG). 
Polymerase chain reaction (PCR) (95'»C for 1 minute, 6 PC for 30 
seconds, and 72*»C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer in 100 mL containing 67 mmol/L 
Tris-HCl pH 8.8, 6.7 mmol/L MgClj, 10% dimethyl sulfoxide 
(DMSO). 170 Mg/mL bovine scrum albumin (BSA) (fraction V), 



activity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM^SF) or IL-5 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that acth/ates the iL-3 gene, 
resulting in autocrine and paracrine growth effects. 
® 1990 by The American Society of Hematology, 

16.6 mmol/L ammonium sulfate, 1 .5 mmol/L each dNTP and Taq 
polymerase (Perkin-Elmer, Norwalk, CT)." 

Sequencing. Sequencing was done by cham termination m Ml 3 
vectors.'^ As part of this study, we sequenced a subclone of a normal 
IL-3 promoter, covering 598 base pairs from a Sma I site at position 
- 1240 (with respect to the proposed sitr of transcription initiation) 
to an Nhe I site at position -642. The plasmid containing this region 
was a gift from Naoko Arai of the DNAX Research Institute. 

Expression in Cos? cells. A genomic IL-3 fragment from Case 1 
was cloned into the pXM expression vector.** Briefly, the Hindlll/ 
Sal I fragment containing the IL-3 gene was subcloned from the 
previously described phage clone 4 into pUC18.* The 2.6 kb 
fragment extending from the Sma I site 61 bp upstream of the IL-3 
transcription start to the Sma I site in the polylinker was cloned uito 
the blunted Xho I site of pXM. The negative control construct was 
the pXM vector without insert. Plasmids were introduced into Cos7 
cells by clectroporation, and supernatant was collected after 48 
hours in culture. 

TFl bioassay, TF-1 cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine scrum, 2 mmol 
L-glutamine, and 1 ng/mL human GM-CSF,'* Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing penicillin and streptomycin. A 25 ftL volume of serial dUutions of 
patient serum was added to wells in a flat bottom 96-well microtiter 
plate. Rat anti-cytokine monoclonal antibody in a volume of 25 mL 
was added to appropriate wells and preincubated for 1 hour at 37°C. 
Fifty microliters of twice washed TF-1 cells were added to each well, 
giving a final cell concehtration of 1 x 10^ cells per wclL (final 
volume, 100 mL). The plate was incubated for 48 hours. The 
remaining cell viability was determined metabolically by the colori- 
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MEEKER ETAL 

Rg 1. Break|>o{nt sequences for Case 2. The germllne IgJhB region sequence (protein coding region and racombin«^^» « . 
sequences are underlined) is on top. the translocation sequence from Case 2 (PCR pHmer sequences and putative N rs^^^^^n^^ 
ts in the middle, and the germline IL-3 sequence, which we derived from a normal IL^ done, is on the bottom ' + in^Kr»t ' 
sequence has the same nucleotide. The sequence documents the head-to-head joining of the IL-3 and IgH aenes Th« hrft^b^!! i !l! *«*^ 
gene occurred at position -934 {•), ■ ne oreaicpoint in the IL-3 
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metric method of Mosmann using a VMax microtiter plate reader 
(Molecular Devices, Menlo Park. CA) set at 570 and 650 nm.'* 

Cytokine Immunoassays, These assays used rat monoclonal 
anti-cytokine antibodies (10 ng/mL) to coat the wells of a PVC 
micEOtitcr plate. The capture, antibodies used were BVD3-6G8, 
JES1.39D10, and BVD2.23B6. for the IL-S, IL-5. and GM-CSF 
assays, respectively. Patient sera were then added (undiluted and 
diluted 1:2 for IL-3, undiluted for IL-5. and undUuted and diluted 
1:5 for GM-CSF). The detecting inununoreagents used were either 
mouse antiserum to IL-3 or nitroiodophenyl (NIP)-derivatized rat 
monoclonal antibodies JES1-5A2 and BVD2-21C11, specific for 
IL-5 and GM-CSF. respectively. Bound antibody was subsequently 
detected with immunoperoxidase conjugates: horseradish peroxidase 
(HRP)-iabeled goat anti-mouse Ig for IL-3, or HRP-labeled rat (J4 
MoAb) anti-NIP for IL-5 and GM-CSF. The chromogenic sub- 
strate was 3-3'a2ino-bis-benzthiazoHnc sulfonate (ABTS; Sigma, St 
Louis, MO). Unloiown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). 

RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the Hindlll restriction enzyme 
and hybridized with a human inmiunoglobulin heavy chain 
joining region ( Jh) probe, a rearranged fragment at approxi- 
. matcly 14 kb was detected (data not shown). When rcsprobed 
with either of two different IL-3 probes, a rearranged 14 kb 

#2 #1 



fragment, comigrating with the rearranged Jh fragment was 
identified. When leukemic DNA was digested with HindUl 
plus £coRI. a rearranged Jh fragment was detected at 6 kb 
The IL-3 probes also identified a comigrating fragment of 
this size. These experiments Indicated that the leukemic 
sample studied was clonal and that a smgle fragment 
contamed both Jh and IL-3 sequcnoM. suggesting a translo- 
cation had occurred. 

Tocharacterizebetterthejoiningof theIL.3 geneand the 
immunoglobulin heavy chain (IgH) gene, the polymerase 
Cham reaction (PCR) was used to clone the translocation » 
A Jh pnmer and an IL-3 primer were designed to produce an 
amphfied product in the event of a head-to-head transloca- 
tion. While control DNA gave no PCR product. Case 2 DNA 
yielded a PCR-derived fragment of approxunately 980 bp, 
which was cloned and sequenced. 

The DNA sequence of the translocation clone from Case 2 
confirmed the joining of the Jh region with the promoter of 
the IL-3 gene m a head-to-head configuration (Fig 1) 
Sequence analysis indicated that the breakpoint on chromo^ 
some 14 was just upstream of the .Jh5 coding region. The 
breakpoint on chromosome 5 occurred 934 bp upstream of 
the putative site of transcription initiation of the IL-3 gene 
We also determined that a putative N sequence of 17 bp was 
inserted between tlie chrSmosome 5 and chromc^ome 14 
sequences during the translocation event.*' " Figure 2 shows 
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Fig 2. Relationship of chromosome 5 breakpoints to tho IL-3 gene. This figure shows the two cloned hrAotr«..s.,«. i- 1 1 t . 
the normal IL-3 gen,.--" One breakpoint occurred at position -462 and the other at -9347arJowrr^* m * ? 
translocations roaultodh,ahead-to-hoad Joining Of the IflH gene and the IL-3 oenejeaving the mHNAaS^ 
gene Intact. Boxes denote the five IL-3 exons: restriction eniymes are (B) Ban**. (P) Pn t. (H) Hpa I (E)£cX^mdOC) jtt^ 
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^ " ^ '"""^ '""'^^ over-expression. A Northern blot was prepared and hybridized with a probe for IL-3. Une 1 

coritafned RN A from unstimulated peripheral blood lymphocytes (PBL) as a negative control. Une 2 contained RNA from PBL stimulated for 
4hours with concanavalian A (ConA). and lane 3 contained RNA from PBL stimulated with ConA for 48 hours. As in the positive control 
lanes (2 and 3), a 1 kb band was Identified in the leukemic sample from Case 1 (lane 4. lower arrow), suggesting aberrant expression of the 
lL-3 gene. In addition, the leukemic sample showed over-expresshin of an unspiiced 2.9 kb IL-3 transcript (lane 4, upper arrow) We 
docuinented th^ this represented an unspiiced precursor of tlie mature 1 kb transcript by showing that this band hybridized to a probe 
from intron 2 of the IL^ gene. A simitar 2.9 kb band was defected in lane 2. suggesting that an IL-3 mRNA of this size is sometimes 
detectable in ^rmat mitogen-stimulated cells. Une 5 through 1 0 represent RNA frtm six samples of B-lineage acute lymphocytic leukemia 
vrithout the t(5:14) translocation, indicating that only the sample with the translocation exhibited IL-3 over-expression. Case 2 could not be 
analyzed by Northern Mot because too few cells were available for study. 



the locations of the two cloned breakpoints in relation to the 
IL-3 gene. Tlie two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
normal IL-3 gene product was over-expressed as a result of 
the altered promotor structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 conteining all five IL-3 exons under the control of the SV40 
promotor/enhancer in the Cos? cell line. Cell supernatants 
were studied in a proliferation assay using the factor depen- 
dent erythroleukemic cell line. TF-1. The supernatants 
derived from transfections using the vector plus insert 
supported TF-1 proliferation, while supernatants from trans- 
fections using the vector alone were negative in this assay 
(data not shown). Furthermore, the Biologic activity could be 
blocked by an antibody to human IL-3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case I was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspiiced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the lL-3 gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown).*^*^® 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF. and IL-5 (Table 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest. No serum GM-CSF or 
IL-5 could be detected. 

Since the IL-3 inununoassay measured only immunoreac- 
tive factor, we confimed that biologically active IL-3 was 
present by using the TF-l bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, IL-5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JESl- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
either anti--IL-5 or anti-GM-CSFgwas cpnsistent with the 
inability to measure these factors by immunoassay and 



Table 1. Periphdral Blood Counts and Growth Factor Levels 
at Different Times in Case 2 

Sample Date 





11/1S/83 


1/16/84 


3/14/84 


Peripheral blood counts (ceIls//iL) 








WBC 


81,800 


116,500 


12,300 


Lymphoblasts 


0 


33.785 


0 


Eosinophils 


46,626 


73,080 


615 


Serum growth factor levels (pg/mL) 








lL-3 


* <444 


7,995 


1,061 


GM-CSF 


<15 


<16 


<15 


IL-5 


<50 


<50 


<50 



Peripheral blood counts from Case 2 at three different time points with 
the corresponding growth factor levels quantified by immunoassay. The 
patient received chemotherapy between 1/16/84 and 3/14/84 to lower 
his leukemic burden.^ No serum samples were available for a similar 
analysis of Case 1. 

Abbreviation: WBC, white blood cells. 
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inhibition of proWfemtlon was evident In^^in^*^^" am^^ ° ^" 3/14/84. 
was not detected in this assay.., antML-B^^rerT^^^ 



indicated that tijcse other myeloid growth fattors were not 
detectably circulating in the serum of this patient. 

DISCUSSION 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and eosinophilia associated with the 
t(5;14) translocation. In both cases we have studied, we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
chromosome 5 are within 500 bp of each other, suggesting 
that additional breakpoints will be clustered in a small region 
of the IL-3 promoter. The PGR assay we have developed will 
be useful in the screening of additional clinical samples for 
this abnormality. 

The finding of a disrupted IL-3 promoter associated with 
an otherwise normal IL.3 gene implied that this transloca- 
tion might lead to the over-expression of a normal IL-3 gene 
product. In this work, we have documented that this is true. 
In addition, neither GM-CSF nor iL-5 ar? over-expressed by 
the leukemic cells. Furthermore, in one patient, serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this is the first measurement of human IL-3 
in serum and its association with a disease process. The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 



The finding of the IL.3 gene adjacent to a cancer- 
associated translocation breakpoint suggests that its activa- 
tion is important for oncogenesis. It is our thesis that an 
autocrine loop for IL-3 is important for the evolution of this 
leukemia.^' The excessive IL-3 production that we have 
documented would be one feature of such an autocrine loop. 
The final proof of our thesis must await additional data. In 
particular, from the study of additional clinical samples, it 
will be necessary to document that the IL-3 receptor is 
present on the leukemic cells and that anti-IL-3 antibody 
decreases proliferation of the leukemia in vitro. 

An important aspect of this work is the suggestion of a 
therapeutic approach for this disease. If an autocrine loop for 
IL-3 can be documented in this disease, attempts to lower 
circulating IL-3 levels or block tiie interaction of IL-3 with 
Its receptor may prove useful Because it is also possible that 
the eosinophilia in these patients is mediated by Uie para- 
crine effects of leukemia-deriv^ %3, similar interventions 
may improve this aspect of die disease. Antibodies or ' 
engineered ligands to accomplish these goals may soon be 
available. 
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Clinical and Pathologic Significance of the 
c-er6B-2 {HER-2/neu) Oncogene 

Timothy R Singleton and John G. Strickler 



The c-erfcB-2 oncogene was first shown to have clinical significance in 1987 by 
Slamon et al,^ who reported that c-eriB-2 DNA amplification in breast carcino- 
mas correlated with decreased survival in patients with metastasis to axillary 
lymph nodes. Subsequent studies, however, of c-eriB-2 activation in breast 
carcinoma reached conflicting conclusions about its clinical significance. This 
oncogene also has been reported to have clinical and pathologic implications in 
other neoplasms. Our review summarizes these various studies and examines 
the clinical relevance of c-erfcB-2 activation, which has not been emphasized in 
recent reviews, a7,38.5s The molecular biology of the c-erfeB-2 oncogene has been 
extensively reviewed*'.3« « and will be discussed only briefly here. 



BACKGROUND 

The c-erfoB-2 oncogene was discovered in the 1980s by three lines of investiga- 
tion. The neu cmcogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnitrosurea treatment of fetal rats.®»^^74,78 The c- 
erbB'2 was a human gene discovered by its homology to the retroviral gene v- 
er6B.^'48.76 HER-2 was isolated by screening a human genomic DNA library for 
homology with v-crfcB." When the DNA sequences were determined subse- 
quently, c-erl?B-2. and neu were found to represent the same gene. 
Recently, the c-er6B-2 oncogene also has been referred to as NGL, 

The c-cfrfeB-2 DNA is located on human chromosome 17q21w^M and codes 
for c.erfcB-2 mRNA (4.6 kb). which translates c-crfcB-2 protein (pl85). This 

165 



^ J^2^^ /2003 17:10 FAX 310 208 5971 INFO 6 

" o o 



1 66 T.P. SINGLETON AND J.3. STRICKLER 

protein is a normal component of cytoplasmic membranes. The c-eri>B-2 
oncogene is homologous with, but not identical to, c-erbB-l, which is located 
on chromosome 7 and codes for the epidermal growth factor receptor. The c- 
erfcB-2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain.^'* Electron microscopy 
with a polyclonal antibody detects c-er&B-2 immunoreactivity on cytoplasmic 
membranes of neoplasms, especially oh microvilli and the non-villous outer cell 
mcmbranc.^i In normal colls, immunohistochemical reactivity for c-griB-2 is 
frequently present at the basolateral membrane or the cytoplasmic membriane's 
brush border. 

There is experimental evidence that c-erfeB-2 protein may be involved in 
the pathogenesis of breast neoplasia. Overproduction of otherwise normal c- 
erbB'2 protein can transform a cell line into a malignant phenotype.^ Also, 
when the neu oncogene containing^aii activating point mutation is placed in 
transgenic mice with a strong promoter for increased expression, the mice 
develop multiple independent mammary adenocarcinomas.^^^ In other experl- 
ments, monoclonal antibodies against the neu protein inhibit the growth (in 
j S • nude mice) of a neu-transformed cell line,^^ and immunization of mice with 

l'^ \ neu protein protects diem from subsequent tumor challenge with the neti- 

"t? ; transformed cell line." Some authors have speculated that the use of antago- 

'ti -} nists for the unknown ligand could be useful in future chemotherapy. ^5 Further 

i? ^ .J review of this eTcperimental evidence is beyond the scope of this article. 

lil 1 The c-erfcB-2 activation most likely occurs at an early stage of neoplastic 

;.ei . . development. This hypothesis is supported by the presence of c-erfcB-2 activa- 

tion in both in situ and invasive breast carcinomas. In addition, studies of 
metastatic breast c^arcinomas usually demonstrate uniform c-erliB-2 activation 
at multiple sites in the same patient, although c-€rfcB-2 activation has 

rarely been detected in metastatic lesions but not in the primary tumor."*®^*^" 
|| ^! Even more rarely, c-eriB-2 DNA amplification has been detected in a primary 

' breast carcinoma but not in its lymph node meftastasis.^ In patients who have 

; I ^ bilateral breast neoplasms, both lesions have similar patterns of c-crfeB-2 activa- 

tion, but only a few such pases have been studied. 



MECHANISMS OF oer6B-2 ACTIVATION 



The most common mechanism of c-erbB-2 activation is genomic DNA amplifica- 
tion, which almost always results in overproduction of c-eriB-2 mRNA and 
protein, "j^^ c-erfcB-2 amplification may stabilize the overproduction of 

y i mRNA or protein through unknown mechanisms. Human breast carcinomas 

with c-criB-2 amplification contain 2 to 40 times more c-erbB-2 DNA*** and 4 to 
128 times more c-erbB-2 mRNA^*^ than found in normal tissue. Most human 
breast carcinomas with c-erfcB-2 amplification have 2 to 15 times more c-ertB-2 
DNA. TXimors with greater amplification tend to have greater overproduc- 
jlf tion."*^'* The non-mammary neoplasms that have been studied tend to have 
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similar levels of c-6r6B-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

The second most common mechanism of c-erfeB-2 activation is overproduc- 
tion of c-erbB-2 mRNA and protein without amplification of c-^&B-2 DNA.^^ 
The quantities of mKNA and protein usually are less than those in amplified 
cases and may approach the small quantities present in normal hreast or other 
tissues. The c-«rfoB-2 protein overproduction widiout mRNA overproduc- 
tion or DN A amplification has been described in a few htmian breast carcinoma 
cell lines.*^ 

Other rare mechanisms of c-erbB^Z activation have been reported. Translo- 
cations involving the c-er&B-2 gene have been described in a few mammary and 
gastric carcinomas, although some reported cases may represent restriction 
fragment length poiymoiphisms or incomplete restriction enzyme digestions 
that mimic translocations. ^^•^•''^'W,^'***^ A sifigle point mutation in the transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethylnitrosurea>*^ Hie mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane.***'*^** Although there has been specula- 
tion that some of the ampUfied c-erbB-Z genes may contain point mutations,^ 
none has been detected in primary human neoplasms.^^'^^ 



TECHNIQUES FOR DETECTING ACTIVATION 
Detection of c*erbB-2 DNA Amplification 

Amplification of c-erbB-l DNA is usually detected by DNA dot blot or South- 
ern blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a c-er&B-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme» and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a o-er6B-2 DNA probe. In both tech- 
niques, c-erf>B-2 amplification is quantified by comparing the intensity (ihea- 
sured by densitometry) of the hybridization bands £rom the sample with those 
fi*om control tissue. 

Several technical problems may complicate the measurement of c-erfcB-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
graded or diluted by DNA from stromal cells.^i Second, the c-^rfcB-2 DNA 
probe must be carefully chosen and labeled. For example, oligonucleotide 0- 
erfoB-2 probes may not be sensitive enough for measuring a low level of c-er6B- 
2 amplification, because diploid copy numbers can be difficult to detect (unpub- 
lished data)- Third, the total amounts of DNA in the sample and control tissue 
must be compensated for, often with a probe to an unampUfied gene. Many 
studies have used control probes to genes on chromosome 17, the location of c- 
erfeB-2, to correct for possible alterations in chromosome number. Identical 
results, however, are obtained by using control probes to genes on other chro* 
mosomes,*®^'^ with rare exception.'^ Studies using control probes to the beta- 
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globin gene must be interpreted with caution, because one allele of this gene is 
deleted occasionally in breast carcinomas.^ \ 
Amplification of c-erfeB-2 DNA was assessed by using the polymerase > 
chain reaction (PGR) in one recent study.^ Oligoprimers for the c*grl^B-2 gene 
and a control gene are added to the sample s DNA, and PGR is perfimned. If i 
the sample contains more copies of c-erbB-2 DNA ^an of the control gene, the 
c-criB-2 DNA is replicated preferentially. | r 

Detection of c-erbB-2 mRNA Overproduction 1 ^ 

J Overproduction of c-erfeB-2 mRNA usually is measured by RNA dot blot or \ 

; Northern blot hybridization. Both techniques require extraction of RNA but 

otherwise are analogous to DNA dot blot and Southern blot hybridization. Use ; 
; of PGR for detection of cH5riB-2 mRNA haspbeen described in two recent \ 

abslracts-^fi**** 

Overproduction of c-er&B-2 mRNA can be measured by in situ hybridiza- 
tion. Sections are mounted on glass slides, treated with protease, hybridized i , 
with a radiolabeled probe, washed, treated wid> nuclease to remove unbound U '' 
probe, and developed for autoradiography. Silver grains are seen only over 
) ■ tumor cells that overproduce c-er6B-2 mRNA. Negative control probes are 
used.^'^-iofi Our experience indicates that these techniques are relatively insensi< 
tive for detecting c-erfcB-2 mRNA overproduction in routinely processed tisr 
I sue. Although the sensitivity may be increased by modifications that allow 
I = simultaneous detection of c-erfcB-2 DNA and mRNA, in situ hybridization still 
i: 1 is cumbersome and expensive (unpublished data). 

All of the above c-erfcB-2 mRNA detection techniques have several prob- 
lems that make them more difficult to perform than techniques for detecting 
\.x . DNA amplification. One major problem is the rapid degradation of RNA in 

tissue that is not immediately frozen or fixed. In addition, during the detection 
? : procedure, RNA can be degraded by RNase, a ubiquitous enzyme, which must 

I] ■ be eliminated meticulously from laboratory solutions. Third, control probes to 

genes that are uniformly expressed In the tissue of interest need to be carefally 
selected. ^ - ^ 



Detection of c^rbB-2 Protein Overproduction 

The most accurate methods for detecting c-erhB'2 protein overproduction are |: r 

the Western blot method and immunoprecipitation. Both techniques can docu- .| ; 

menl the binding specificity of various antibodies against c-erhB-2 protein. In. 1 1 

Western blot studies, protein is extracted from the tissue, separated by electro- | ' 

phoresis (according to size), transferred to a membrane, and detected by using an- ;? • 

tibodies to c-er&B-2. In immunoprecipitation studies, antibodies against c-eriB- | ; 

• I 2 are added to a tumor lysate, and the resulting protein-antibody precipitate is | • 

i ' separated by gel electrophoresis and stained for protein. Both Western blot and 



I V immunoprecipitation are useful research tools but currently are not practical for ij 

» diagnostic pathology. TWo recent abstracts have described an enzyme-linked | 
: j i immunosorbent assay (ELISA) for detection of o-erbB-2 protein. i] 
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Overproduction of c-erbB'2 protein is most commonly assessed by various 
Immunohistochemical techniques. These procedures often generate conflicting • 
results, which are explained at least partially by three factors. First, various j 
studies have used different polyclonal arid monoclonal antibodies. Because j 
some polyclonal antibodies recognize weak , bands iii addition to the Q-erbB'2 i 
protein band on Western blot or immunoprecipitation, the results of these | 
studies should be interpreted vvith caution. ^^-^^^'^^ Even some monoclonal ahti- \ 
bodies immunoprecipitate protein bands in addition to c-erfeB-2 (plSS).^®'*®'* s 
Second, tissue fixation contribtites to variability between studies. For example, f 
some antibodies detect c-eriB-2 protein only in frozen tissue and do not react 
in fixed tissue. In general, formahn fixation diminishes the sensitivity of 
immunohistochemical methods and decreases the number of reactive cells.**'*® I 
When Bouins fixative is used» there may^^be a hi^ficpercejitage of positive 
cases," Third, minimal criteria for interpreting immunohistochemical staining 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for c-er6B-2 activation in breast 
carcinoma, the number of positive cells and the staining intensity required to 
diagnose c-erl>B-2 protein overproduction varies from study to study and from 
antibody to antibody. Degradation of c-er&B-2 protein is not a problem because 
it can be detected in intact form more than 24 hours after tumor resection . 
without fixation or freezing.®* ■ 

■ ^ 

ACTIVATION OF c-eri>B-2 IN BREAST LESIONS 

Incidence of c»erbB-2 Activation 

Most studies of c-crbB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification of o-erbB-2 DNA was fotmd 
in 19.1 percent (519 of 2715) of invasive carcinomas in 25 studies (MAe 1), and i 
c-crfcB-2 mRNA or protein overproduction was detected in 20.9 percent (566 of 
2714) of invasive carcinomas in 20 studies. Twelve studies have documented c- ] 
* ^rbB-rZ mRNA or protein overproduction ih 15 percent (88 of 604) of carcinomas 

that lacked c-er&B-2 DNA amplification. \ 

The incidence of c-erbB^Z activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat* i| 
ing ductal carcinomas have c-er&B-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent c-erfcB-2 activation are i 
inflammatory carcinoma (62 percent, 54 of 87), Paget s disease (82 percent, 9 of 
11)> and medullary carcinoma (22 percent, 5 of 23). In contrast, c-erbB-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and ; 
tubular carcinoma (7 percent, 1 of 15). 

The c-erbB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocardnoma in situ (68 percent, 
49 of 72). The micTopapillary type of ductal carcinoma in situ also tends to have 
c-grfcB-2 activatlon>*^'"'«* especially if larger cells are present. The greater fre- 
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quency of c-erbB-2 protein overproduction in comedocarcinoma in situ, com- 
pared with infiltrating ductal carcinoma, could be explained by the fact that 
many Iniiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show c-er&B-2 activation infrequently. Others have speculated 
that carcinoma in sitii with o-er&B-2 activation tends to regress or to lose c- 
erfeB-2 activation during progression to invasion. ^^^'^^ Infiltrating and in situ 
components of ductal carcinoma, however, usually ai"e similar with respect to c- 
erbB'2 activation ^i^-^ although some a:uthors have noted more heterogeneity of 
the immiinohistochemical staining pattern in invasive than in in situ carci- 
noma, Activation of c-eriB-2 is infrequent in lobular carcinoma in situ. If 
lesions contain more than one histological pattern of carcinoma in situ, the c- 
erfcB-2 protein overproduction tends to occur in the comedocarcinoma in situ 
but may include other areas of ^cinoma in situ.*2,54.6a Overproduction of c- 
er&B-2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate.^ 

Activation of c-erfeB-2 has not been identified in benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scars (Table 2). Strong 
membrane immunohistochemical reactivity for o-erfcB-2 has not been described 
in atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently 33.4?.54 normal breast tissue, c-erfcB-2 DNA is 
diploid, and c-er6B-2 is expressed at lower leveb than in activated tumors.^'-^s ^ s* 

These preliminary data suggest that c-er6B-2 activation may not be useful 
for resolving many of the common problems in diagnostic surgical pathology. For 
example, c-erbB-2 activation is infrequent in tubular carcinoma and radial scars. 
In addition, because o-erbB-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of c-crif>B- 
2 activation in these lesions may not be helpfiil in their difierential diagnosis. The 
histological features of comedocarcinoma in situ, which commonly overproduces 
c-cr6B-2, are unlikely to be mistaken for those of benign lesions. Activation of 



TABLE 2, o-efdB-2 ACTiVATtON \H BENIGN HUMAN BREAST LESIONS 





e^rbB-2 DNA 


c-erdB-2 mRNA 


o-erbB-2 Protein 


Histological Diagnosis 


AmptiflCBtion" 


Overproduction 


Overproduction 


Fibrocystic disease 


0/1 093 




0/32.39 0/9 M 0/8W 


Atypical ductal hyperplasia 






2(weak)/21 « 
1(cytoplasmlo)/13» 


Benign ductal hyperplasia 






0/1239 


Sclerosing adenosis 






0M» 


Rbroadenomas 


0/1 6 « 0/6 w 
0/2,»i o/1»^ 


0/6«0/33« 


0/21 M 0/1 0« 
0/8 » 0/3^ 


Radial scars 






0/22» 


Blunt duct adenosis 






0/1438 


"Breast mastosis" 




0/335 





"Shown as number of casos with actlvalton/humber of cases studied; reference Is given as a superscript 
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c-erfcB-2, however, does fevor infiltrating ductal carcinoma over infiltrating 
lobular carcinoma. Further studies uf tfiese issues would be useful. 

Correlation of c-6rbB-2 Activation WKh Patliologlo Prognostic Factors 

Multiple studies have attempted to correlate c-er2»B-2 activation with various 
pathologic prognostic factors (Table 3). Activation of c-er6B-2 was correlated 
with lymph node metastasis in 8 of 28 series, with higher histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with c-erfeB-2 acHvation in most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by Ki-67, have been suggested as 
prognostic fiictors and may correlate with c-efiB-2 activation.*'^ 

Correlation of c-erl>B-2 Activation With Cilnical^ Prognostic Factors 

Various studies have attempted abo to correlate oerb'R-2 activation with clinical 
features that may predict a poor outcome (Table 4). Activation of c-erbB-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series. In most studies, patient age 
did not correlate with c-ertB-2 activation, and, in the rest of the reports, c- 
er6B-2 activation was associated with either younger or older ages. 

Correlation of c-6fbB-2 Activation With Patient Outcome 

Slamon et al"!^*" first showed that amplification of the o-erhB-l oncogene inde- 
pendently predicts decreased survival of patients with breast carcinoma. The 
correlation of c-0rbB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that c-eriB-2 amplification is an important prognostic indica* 
tor only in patients with lymph node metastasis.™'^^ 

A large number of subsequent studies also attempted to correlate c-er&B-2 
activation with prognosis (Table 5). In 12 series, there was a correlation be- 
tween c-erhB'2 activation and tumor recurrence or decreased survival. In five 
of these series* the predictive value of c-er&B-2 activation was reported to be 
independent of other prognostic factorst^ln contrast, 18 series did not-confirm 
the correlation of c-«rfcB-2 activation with recurrence or survival, Four possible 
explanations for this controversy are discussed below. 

One problem is that c-erbB-2 amplification correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table.5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
G-erfeB-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-crfeB-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c-erblB'2 activation has prognostic value only in patients 
with metastasis to lymph nodes. 
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TABLE 5. CORRELATION OP c-cr6B-2 ACTIVATION WITH OUTCOME IN PATIENTS 
WITH BREAST CARCINOMA 

Number of Patients 

Typeof AfeteslBSffisfo 





o-erl»B-2 
ActWatJon^ 


Total 


AxWary Ho 
Lymph Nodes Afetasfas/s 


Statlstleal 
Analysis" 


Reference 


<0.05 


DNA 


176 




M 


87 


<0.06 


DNA 


61 




U 


60 


<ao5 


DNA 


57 




U 


65 


<ao5 


DNA 


41 




u 


93 


<0.05 


mRNA 


62 




u 


65 


<0.05 


Protein 


102 




M - 


101 


<0.05 


ONA 




345 


M 


81 


<0.05 


DNA 




120 


U 


17 


<0.05 


DNA 




91 


U 


87 


<0,05 


DNA 




86 


M 


79 


<0.05 


Proteln-WB 




350 


M 


85 


<0.05 


Protein 




62 44 


U 


101 


0.05K).15 


DNA 


57 




U 


111 


0.05-0,15 


Protein 


189 






92 


0.06-0.15 


Protein 




120 


u 


86 


>0.15 


DNA 


130 




u 


113 


>o,ie 


DNA 


122 




M 


4 


>0.15 


DNA 


50 




U 


44 


>0.15 


mRNA 


57 




u 


50 


>0.15 


Protein 


280 




M 


86 


>0.15 


Protein 


195 




U 


11 


>0.15 


Protein 


102 




u 


39 


>0,15 


Protein 




137 


u 


17 


>0,15 


DNA 




161 


M 


81 


>0.15 


DNA 




- - 159 - w 


U 


17 


>0.15 


DNA 




73 


u 


87 


>0.15 


Proteln-WB 




378 


u 


85 


>0.15 


Proteln-WB 




192 


u 


17 


>0.15 


Protein 




141 


u 


86 


>0.15 


Protein 




41 


u 


40 



*The endpolnts of these studies were tumor recurrence or decreasad euivlval or both. Correlation between e- 
erbB-Z activaUon and a poorer patierrt outcome Is stallstlcalty slgnWcani at <0.05, te of equtvocaJ signlflcanoe 
at O.OS to 0. 1 S. and is not aignl Ficant at >0'. 1 S. . 

*Shown as variable measured. Letters "WB" Indicate assay by Western Wot; the other protein studies used 
immunohletochemlcal method^. 

» multivariate statistical analysis; U « untvariale statistical analysis. 
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TABLE 6. PERCENTAGE OF BREAST CARCINOMAS WITH METASTASIS COMPARED 
WfTH PROGNOSTIC SIGNIFICANCE OF c^rbB-Z ACTIVATION 



%of lumorewith 
lymph node 
metadiasls In 
each study 



70. 



60- 



60- 



40- 



71 (DNA)» 



61 (DNA)» 

59 (DNA)»' 
58{Proteln)"' 



64(DNAr^ 



42(Proteln)» 



4- 



P<0.05 



+ 



0.05<P<0.15 



64 (mRNA)a 
61(DNA)4 



68(DNA)^ 
57{DNAr« 
55(ProteIn)» 

48(Proteln)" 
46(Protein)«" 



P>0:16 



P for correlation of c-ert)B-2 activation vrtth patient outeome. 

Each stud/a percentage of breast caidnomas with metastaso b compared with the oorrelalion k)etween o- 
er6B-2 activation and outcome. These data indude orily those studies that oonsldefed, as one group, aU breast 
cancer patients, whether or not they had axlUajy metastasis. Superserlpta are the refaranoes. in parentheses 
are the types ol c-erbB-a activation. P values are Interpreted as in Table 3. 



A second problem is that various types of breast carcinoma are grouped 
together in many survival studies. Because the current literature suggests that 
c-er6B-2 activation is infrequent in lobular carcinoma, studies that combine 
infiltrating ductal and lobular carcinomas may dilute the prognostic effect of c- 
erfcB-2 activation in ductal tumors. In addition, most studies do not analyze 
inflammatory breast carcinoma separately. This condition frequently shows c- 
erbB-2 activation and has a worse prognosis than the usiial mammary carci- 
noma, but it is an uncommon lesion. 

A third potential problem is the paucity of studies that attempt to correlate 
c-erfcB-2 activation with clinical outcome in subsets of breast carcinoma without 
metastasis. TWo recent abstracts reported that in patients without lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), c-erfeB-2 overexpression predicted early 
recurrence.23.e7 patients with ductal carcinoma in situ, one small study found 
no association between tumor recurrence and c-erfeB-2 activation, <^ 

A fourth problem is the lack of data regarding whether the prognosis 
correlates better with c-erfcB-2 DNA amplification or with mRNA or protein 
overproduction. Most studies that find a correlation between c-eriB-2 activa- 
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tion and poor patient outcome measure c-criB-2 DNA amplification (Table 5), 
and breast carcinoma patients with greater amplification of c-crfeB-2 may have 
poorer survival, "^ ^i Recent studies suggest that ampllflcation has more prognos- 
tic power than overproduction. 1^.^35 but the clinical significance of c-0rfcB-2 
overproduction without DNA amplification deserves further research. Few 
studies have attempted lo correlate patient outcome with c-erfcB-2 mRNA 
overproduction, and many studies of c-erfcB-2 protein overproduction use rela- 
tively less reliable methods such as immunohistochcmical studies with poly- 
clonal antibodies. 

Comparison of c-efbB-2 Activation WHh Other Oncogenes in 
Breast Carcinoma 

Other oncogenes that may have prognostic implications in human breast cancer ^ 
are reviewed elsewhere. Ti.ioe Ti^i^ section will be restricted to a comparison 
between the clinical relevance of c-erfcB-2 and these other oncogenes. 

The c-ms^c gene is often activated in breast carcinomas, but c-mi/c activa- 
tion generaUy has less prognostic importance than c-er&B-2 activation. ".m,77.87.w 
One study found a correlation between increased mRNAs oi c-erbB-l and c- 
myc, although other reports have not confirmed this.**'^" Subsequent research, 
however, could demonstrate a subset of breast carcinomas in which c-myc has 
more prognostic importance than c-er6B-2. 

The gene c-erfeB-1 for the epidermal growth factor receptor (EGFR) is 
homologous with c-erfeB-2 but is infrequently amplified in breast carcinomas.^ 
Overproduction of EGFR, however, occurs more firequently than amplification 
and may correlate with a poor prognosis. In studies that have examined both c- 
erfeB-2 and EGFR in the .same tumor, c-er6B-2 has a stronger correlation with 
poor prognostic factors.35.52 Studies have tended to show no correlation between 
amplification of c-erfcB-2 and c-erfeB-1 or overproduction of c-erfeB-2 and EGFR, 
although at the molecular level EGFR mediates phosphorylation of c^riB-2 
protein.5i.B2.«i.s8aoe Recent reviews describe EGFR in breast carcinoma, 

The genes c-crbA and ear-l are homologous to the thyroid hormone recep- 
tor, and they are located adjacent to d^iB^^ on chromosome 17. These genes 
are frequently coamplified with c-5rfeB-2 in breast carcinomas. The absence of 
c-erfcA expression in breast carcinomas, however, is evidence against an impor- 
tant role for this gene in breast neoplasia.^ Amplification of c-'erbB-2 can occur 
without ear-l amplification, and these tumors have a decreased survival that is 
similar to tumors with both c-erfcB-2 and ear-1 amplification, Consequendy, 
c-eriB-2 amplification seems to be more important than amplification ofc^erhA 
orear-1. 

Other genes also have been compared with c-erfoB-2 activation in breast 
carcinomas. One study found a significant correlation between increased c-erbB- 
2 mRNA and increased mRNAs of/05, platelet-derived growdi factor chain A, 
and Ki-ras.106 Allelic deletion of c-Ha-rasr may indicate a poorer prognosis in 
breast carcinoma,^! but it has not been compared with c-«rfeB-2 activation. Some 
studies have suggested a correlation between advanced stage or recurrence of 
breast carcinoma and activation of any one of several oncogenes."."^ 
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ACTIVATION OF C'erAB*2 IN NON^MAMMARY TISSUES 

Incidence of c-ef6B-2 Activation in Non-Mammary Tissues 

Table 7 summarizes the normal tissues in which expression has been 

detected, usually with immunohistochemical methods using polyclonal anti- 



TABLE 7. PRESENCE OR ABSENCE OF o^B>2 mRNA OR f>efba-2 PROTEIN IN 
NORMAL HUMAN TISSUES 



Tissues With 








c-erbB*2 


Tissues Prockieine 


Tls&iiafi L^fiklnn 


TlfifiUBs Laelcinfl 


mRNA 


o-erbB-2 Protein* 


c-srl)B-2mRNA 


e^iiB>2 Protein 


Skin24 


Epidermis" 
External root sheath^ 
Eocrlne sweat gland» 

Fetal oral mucosa^ 
Fetal esophagus^ 




Postnatal oral mucosa® 
Postnatal esophagus^ 


Stomach^ 


Stomach2>^ 
Fetal lntestlno«» 






Jelunum" 


Small lntestine»'8* 






Colon^* 


Colon22.« 






Kidneys^ 


Fetal kidney«2» 

Fetal proximal tutHJie" 
Distal tubule^ 
Fetal collecting ductus 
Petal renal neh/isBz 
Fetal ureter« 


KIdneyeto' 


Qlornenilus^ 

Postnatal Bowman's capsule" 
Postnatal proximal tubule" 

Postnatal collecting duel** 

Postnatal fetal ureter^ 


Liver** 


Hepatocytes2* 
Pancreatic acini" 
Pancreatic ducis**-«* 
Endocrine cells of Islets 
of Langertians« 




Uver«w5 

Pancreatic Islets" 


Lung« ^ 


Fetal trachea^. 




Postnatal trachea" 


Fetal bronchioles"^ 
Bronchioles^ 


Postnatal bronchioles" 

Postnatal alveoli"** 


Felalbrainz^ 


Fetal ganglion celis^ 




Postnatal brain" 
Postnatal ganglion cells^ 


Thyroid* 








Uterusz^ 


Ovafy^2 

Blood vessels^ 




Endothelium" 


Placenta^ 






Adronocortioal cells" 
Postnatal thymus" 
nbroWasts" 
Smooth muscle cells" . 
Cardiac muscle cells^ 



This protein study used Western blots; the rest used immunohlslochemieal methods. 
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bodies. Only a few studies have been performed, and some of these do not 
demonstrate convincing ceU membrane reactivity in the published photo- 
graphs. The interpretations in these studies, however, are listed, with the 
caveat that fliese findings should be confirmed by imimunoprecipitation or 
Western or RNA blots. Production of c-erbB-2 has been identified in normal 
epithelium of the gastrointestinal tract and skin. Discrepancies regarding c- 
erbB-2 protein in other tissues could be due, at least in part, to differences in 
techniques. 

The data on c-firfcB-2 activation in various non-manunary neoplasms 
should be interpreted with caution, because only small numbers of tumors have 
been studied, usually by immunohistochemical methods using polyclonal anti- 
bodies. Studies using cell lines have been excluded, because cell culture can 
induce amplificatioh and overexpression of other genes, although this has not 
' been documented for c-eriB-2. 

Activation of oerbB-2 has been identified in 32 percent (64 of 203) of 
ovarian carcinomas in eight studies (Table 8). One abstract^ stated that ovarian 
carcinomas contained significantly more c-eriB-2 protein than ovarian non- 
epithelial malignancies. Another report** showed that 12 percent of ovarian 
carcinomas had c-er6B-2 overproduction without amplification. 

Activation of c-erfeB-2 has been identified in 20 percent (40 of 198) of 
gastric adenocarcinomas in seven studies, including 33 percent (21 of 64) of 



TABLE 8. e^i)B-2 ACTIVATION IN HUMAN GYNECOLOGIC TUMORS' 







e-ar6B-2 


MfbB-2 






mRNA 


Protein 




0-er6B-2 DNA 


Over- 


Over- 


Tumor Type 


Amplfflcallon 


production 


production 


Ovary— carcinoma, not olhenvlse 


31/120« 1/11,57 


23^67" 


23i^3,i2 


speofiod 


0/B,i«7o/5Mo/3,i« 




36i72" 




0/2,^ Of V^^ 






Ovary^serous (paplllajy) carcinoma 


2/7,i«1/7,"2 0/6'a 






jOvary — endometrtoki carcinoma- - " 


0/3^^ 






Ovary— mucinous carcinoma 


1/2,110 0/172 






Ovary— clear cell carcinoma 


0/2,^«0/1w 






Ovary— mixed epithelial carcinoma 








Ovary— endometrioid borderline tumor 


0/172 






Ovary— mucinous borderline tumor 


0/378 






Ovary— serous cystadenoma 


0/472 






Ovary— mucinous cystadenoma 


0/272 






Ovary— sclerosing stromal tumor 


0/172 






Ovary— fibrothecoma 


0/172 






Uterus— endometrial adenocarcinoma 


0/4WO/1^»o 







•Shown as number of cases with amplification (or overproductlon)/total number of cases studied; reference is 
given as superaorIpL All protein studies used (mmunohfstochemfcal methods. 
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Intestinal or tubular subtypes and 9 percent (4 of 47) of diffuse or signet ring cell 
subtypes (Table 9). Activation of c.erbB-2 has been detected in 2 percent (6 of 
281) of colorectal carcinomas, although an additional immunohistochemical 
study detected c-er&B-2 protein in seven of eight tissues fixed in Bouin's solu- 
tion- One study found greater immunohistochemical reactivity for c-efiB-2 
protein in colonic adenomatous polyps than in the adjacent normal epithelium, 
using Bouln s fixative- Lesions with anaplastic features and progression to inva- 
sive carcinoma tended to show decreased immunohistochemical reactivity for c- 
erfeB-2 protein.aa Hepatocellular carcinomas (12 of 14 cases) and cholangiocard- 
nomas (46 of 63 cases) reacted with antibodies against e^rfcB-2 in one study, but 
some of these "positive" cases showed only difiiise cytoplasmic staining, which 

TABLE 9. ACTIVATION IN HUMAN QACTkoiiyTESTI NAL TUM 

MJtB-2 
Protein 



Tumor Type 


c-efM-2DNA 


Over- 


Amplification 


production 


Eaophagus— squamous oell carcinoma 


0/1 w 


0/1 w 


Stomach— carcinoma, poorly differentiated 


0/22*0* 




Stomach— adenocarcinoma 




4/27 » 3/1061 








8tomach — cardnoma, intestinal or tubular type 


5/10*M 


16/54J» 


Stomach— carcinoma, diffuse or aignel ring cell type 


0/2108 


4/46?» 


Colorectum— carcinoma 


2/49 M 1/45,"^ 


1/22," 7/8ffl» 




1/45»«'1/45« 




0/40 « 0/3^^0/362 




Colon— villous adenoma 


0/160 




Color) — ^tubulovillous adenoma 


0/5® 




Colon— tubular Adenoma 


0/7" 


19/1 gab 


Colon— hyperplastic polyp 


0/1« 




Intestine— lelomyosarcpma 




0/1« 


Hepatocellular carcinoma * - 




12/14?5d/2«i 


Hepatoblastoma 






Cholanglocarcinoma 




46/63» 


Pancreas — adenocarcinoma 




2/80/i«0^i 


Pancreas— acinar carcinoma 




0/1*1 


Pancreas^— dear cell carcinoma 




0/2*1 


Pancreas— large cell carcinoma 




0/341 


Pancreas— signet ring carcinoma 




0/141 


Pancreas— chronic Inflammation 




0^14^^^ 



■Shown as number of cases with amplification (or overprocluctlon)/lota! mimber of cases studied; reference Is 
given as superscript. Ail protein studies used Immunohistochemical methods. No studies analyzed for o-e/*B- 



^Issues fixed in Bouln's solution. 

*Only cases with distinct membrane staining are interpreted as showing c-erAB^ overproduction. 
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TABLE 10. c>erbB>2 ACTIVATION IN HUMAN PULMONARY TUMORS^ 



Tumor Typo 



o-eiibB-2 

o^MDNA Protein 
AmpHficatlon OverproduoUon 



Non-small cell carcinoma 
Epidermoid carcinoma 
Adenocarcinoma 
Large cell caioinoma 
Small cell carcinoma 
Carcinoid tumor 



O/13K0/ia«^(V6» 

0/21 « 1/13 » 0/7,*" 0/7,67 0/3W 

o/9.wo/e» 

0/1 « 



1/84" 

3/5* 

4/12* 

0/26,59 Q/3» 
0/3« 



•Shown as number of oases with ampHfloation (or overproductbnVlotal number of cases studied; reference Is 
flwen as eupereerfpL Al) protein studies used humunohlstochemlcal methods. No studies anslyzsd for o^B- 
2 mRNA. 



does not indicate c-erfeB-2 activation in breast neoplasms » Also, some pancre- 
atic carcinomas and chronic pancreatitis tissue had cytoplasmic immunohisto- 
chemical reactivity for protein, in addition to the rare case of pancre- 

atic adenocarcinoma with distinct cell membrane staining.^ 

Tables 10 through 14 summarize the studies of c-0r&B-2 activation in other 
neoplasms. The c-erfcB-2 oncogene is not activated in most of these tumors! 
Activation of c.«rfeB.2 has been detected in 1 percent (4 of 299) of puhnonary 
non-small cell carcinomas in nine studies, although one additional report^ 
found c-erfeB-2 protein overproduction in 41 percent (7 of 17). Renal cell carci- 
noma had c-erijB-2 activation in 7 percent (2 of 30) in four studies. Overproduc- 
tion of c-er&B-2 protein was described in one transitional cell carcinoma of the 
urinary bladder, a grade 2 papillary lesion.^ Squamous cell carcinoma and basal 
cell carcinoma of the skin may contain c-eriB-2 protein, but it is not clear 

TABLE 11. c^b^ ACTIVATION iN HUMAN HEMATOLOGiC PROUFERATIONS* 



■} 

Tumor Type 


— c^l»B.2 DNA " 
Amplificatfon 


o-ert»B-2 
rpRNA, 
Over* 
production 


c-ertB-2 
Protein 
Over- 
production 


Hematologic malignancies 


0/23^" 






Malignant lymphoma 


0/9 w Q/3»w 


0/11 


0/1 5« 


Acute leukemia 








Acute lymphoblastic leukemia 


0/1 w 






Acute myeloblastlc leukemia 


0/3^07 






Chronic leukemia 


0/1857 






Chronic lymphocytto leukemia 


0/6W . 






Chronic myelogenous leukemia 


0/8^07 






Myeloproliferative disorder 


0/167 







— ......... w. «T.u, ai<i|#iiiiwauon \at ovmpraHUCUonj/ioiai numOt 

9lven as superscript. All protein studies used Immunohlstochemlcal methods. 
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TABLE 12. C'^rbB-a ACTlVATiON IN HUMAN TUMORS OF SOFT TISSUE AND BONE" 



c-er6B-2 DNA 
Turner Type Amplification 



Sarcoma 


0/10,"^ 0/8" 


Malignant fibrous histiocytoma 


0/1 w 


Uposarcoma 




Pieomorphic sarcoma 


Onm 


Rhabdomyosarcoma 




Osteogenic sarcoma 




Chondrosarcoma 




Ewing's sarcoma 


Q/1» 


Schwannoma 


0/157 



■Shown as number of cases wllh amplification (or overproduclion)Aotai number of cases studied; reference Is 
given as superscript No studies analyzed for (>ert>B-2 mRNA or c^B-2 pioteln. 



whether the protein level is increased over that of normal sldn.» Thyroid 
carcinomas and adenomas can have low levels of increased c-eriB-2 mRNA. 
One abstract, described low-level CrerbB-Z DNA amplification in one of ten 
salivary gland pleomorphic adenomas.^ 

Correlation of c-efbB-2 Activation WItti Patient Outcome 

Very few studies have attempted to correlate oerbB-2 activation in non- 
mammary tumors with outcome. Slamon et al" showed that c-erbB-2 amphfica* 
tion or overexpression in ovarian carcinomas correlates with decreased survival, 
especially when marked activation is present. However, they did not report the 
stage, histological grade, or histological subtype of these neoplasms. Another 
study of stages III and IV ovarian carcinomas found a congelation between 
decreased survival and c-erfcB-2 protein overproduction, but not between sur- 
vival and histological grade. i« One abstract stated that c-eriB-2 protein overpro- 
duction in 10 of 16 pulmonary adenocarcinomas correlated with decreased 
disease-free interval.^ Another absfracjtdescribed atendeiicy for immunohisto- 



TABLE 13- G-erbB'l ACTIVATION IN HUMAN TUMORS OF THE URINARY TRACT- 



Tumor Type 


o«rbB*2 DNA 
Amplification 


mRNA 
Over* 
production 


c-erbB-2 
Protein 
Over- 
production 


Kidney— renal cell carcinoma 


1/5.67 1/4.W0/5M 


0/1 e^w 




Wilms* tumor 








Prostate — adenocarcinoma 






0/23M 


Urinary bladder— carcinoma 






1/483" 



•Shown as number of cases with ampllficalton (or ovarproduollon)/total number of cases studied; reference Is 
given as superscript. All protein studies used Immunohistochemtcal methods. 
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TABLE 14. <H?f5B-2 ACTIVATION IN MISCELUWEOUS HUMAN TUMORS- 



Tumor Type 



O^bB-2 
DNA 



e-erbB-2mRNA 



Protein 
Over- 



Skin— malignant melanoma 
Skin, head and neck— squamous 
. cell carcinoma 


O/71W 




0/10« 


Site not stated — squanrrous cell 
carcinoma 


0/B,"0/2« 






Salivary gland— adenocarolnoma 
Parotid gtand^-adenokl cystic 
carcinoma 






0/1" 


Thyroid— anaplastic carcinoma 
Thyroid— papillary carcinoma 
Thyroid— ddenooarclnoma 


0/1 « 
0/1** 


0/11 " 
3(low leveIs)/5^ 




Thyroid— adenoma 

Neuroblastoma 

Meningioma 


0/35.WQ/9W0/1W ■ 
W2» 


1(k>w level&)/2i 





chemical reacbvity for o.er6B-2 protein to correlate with higher grades of pros- 
tebc adenocarcinoma." Additional prognostic studies of ovarian carcinomas and 
other neoplasms are needed. 



SUMMARY 

Actiyation of the oerbB-Z oncogene can occur by amplification of c-erfcB-2 
DNA and by overproduction of o.eriB-2 mRNA andfe^B-2 protein. Approxi- 
mately 20. percent of breast carcindmas show, evidence of «-crfefl--2 activation 
which correlates with a poor prognosis primarily in patients with metastasis t^ 
anUary lymph nodes. Studies that have attempted to correlate c-er6B.2 activa- 
tion widi other prognostic feclors in breast carcinoma have reported conflicting 
conclusions. The pathologic and clinical significance of c-ertB-2 activation in 
other neoplasms is unclear and should be assessed by additional studies 
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Abstract 



Background: Prostate stem cell antigen (PSCA) Is a recently defined homologue of the Thy-l/Ly-6 family of 
glycosylphosphatldylinositol (GPI)-anchored cell surface antigens. The purpose of die present study was to 
examine the expression status of PSCA protein and mRNA in clinical specimens of human prostate cancer (Pea) 
and to validate it as a potential molecular target for diagnosis and treatment of Pea. 

Materials and Methods: Immunohistochemical (IHC) and in situ hybridization (ISH) analyses of PSCA 
foDu?*^" ^^"^ simultaneously performed on paraffin-embedded sections from 20 benign prostatic hyperplasia 
(BPH). 20 prostatic intraepithelial neoplasm (PIN) and 48 pros&te cancer (Pea) tissues, including 9 androgen- 
independent prostate cancers. The level of PSCA expression v«s semiquantitadvely scored by assessing both the 
rir""?!,u D.[?*".*'?' '^CA-PO*'*'* '^'"'ng cells in the specimens. Then compared PSCA expression 
between BPH. PIN and Pea tissues and analysed the correlations of PSCA expression level v/lth pathologieal grade. 
cUnlcal stage and progression to androgen-independence in Pea. 

Results: In BPH and low grade PIN. PSCA protein and mRNA staining were weak or negative and less intense 
and uniform than that seen in HGPIN and Pea. There were moderate to strong PSCA protein and mRNA 
expression In 8 of 1 1 (72.7%) HGPIN and In 40 of 48 (83.4%) Pea specimens examined by IHC and ISH analyses, 
with statistical significance compared with BPH (20%) and low grade PIN (22.2%) samples (p < 0.05. respectively) 
The expression level of PSCA increased with high Gleason grade, advanced stage and progression to androgen- 
mdependence (p * 0 05. respectively). In addition. IHC and ISH staining showed a high degree of correlation 
between PSCA protein and mRNA overexpression. 

Conclusior.s: Our dau demonstrate that PSCA as a new cell surface mariter Is overexpressed by a mafority of 
human Pea PSCA expression correlates positively with adverse tumor characteristics, sueh as increasing 
pathological grade (poor cell differentiation), worsening clinical stage and androgen-independence. and 
specuhtivelyv^th prostate carcinogenesis. PSCA protein overexpression results from upregulated transcription 
of fSCA mllNA. PSCA may have prognostic utiliQr and may be a promising molecular target for diagnosis and 
treatment of Pea. 
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Introduction 

Prostate cancer (Pea) is the second leading cause of can- 
cer-related death in American men and is becoming a 
common cancer increasing in China, Despite recently 
great progress in the diagnosis and management of local- 
ized disease, there continues to be a need for new diagnos- 
tic markers that can accurately discriminate between 
indolent and aggressive variants of Pea. There also contin- 
ues to be a need for the identification and characterization 
of potential new therapeutic targets on Pea cells. Current 
diagnostic and therapeutic modalities for recurrent and 
metastatic Pea have been limited by a lack of specific tar- 
get antigens of Pea. 

Although a number of prostate-specific genes have been 
identified (i.e. prostate specific antigen, prostatic acid 
phosphatase, glandular kali ikrein 2), the majority of these 
are secreted proteins not ideally suited for many immuno- 
logical strategies. So, the identification of new cell surface 
antigens is critical to the development of new diagnostic 
and therapeutic approaches to the management of Pea, 

Reiter RE et al [1] reported the identification of prostate 
stem cell antigen (PSCA), a cell surface antigen that is pre- 
dominantly prostate specific. The PSCA gene encodes a 
123 amino acid glycoprotein, with 30% homology to 
stem cell antigen 2 (Sea 2). Like Sca-2, PSCA also belongs 
to a member of thcThy-l/Ly-6 family and is anchored by 
a glycosylphosphatidylinositol (GPI) linkage. mRNA in 
situ hybridization (ISH) localized PSCA expression in nor- 
mal prostate to the basal cell epithelium, the putative 
stem cell compartment of prostatic epithelium, suggesting 
that PSCA may be a marker of prostate stem/progenitor 
cells. 

In order to examine the status of PSCA protein and mRNA 
expression in human Pea and validate it as a potential 
diagnostic and therapeutic target for Pea, we used immu- 
nohistochemisiiy (IHC) and in situ hybridization (ISH) 
simultaneously, and conducted PSCA protein and mRNA 
expression analyses in paraffin-embedded tissue speci- 
mens of benign prostatic hyperplasia (BPH, n = 20), pros- 
tate intraepithelial neoplasm (PIN, n = 20) and prostate 
cancer (Pea, n = 48). Furthermore, we evaluated the possi- 
ble correlation of PSCA expression level with Pea tumori- 
genesis, grade, stage and progression to androgen- 
independence. 

Materials and methods 

Tissue samples 

All of the clinical tissue specimens studied herein were 
obtained from 80 patients of 57-84 years old by prostate- 
ctomy, transurethral resection of prostate (TURP) or biop- 
sies. The patients were classified as 20 cases of BPH, 20 
cases of PIN, 40 cases of primary Pea, including 9 patients 



with recurrent Pea and a history of androgen ablation 
therapy (orchiectomy and/or hormonal therapy), who 
were referred to as androgen-independent prostate can- 
cers. Eight specimens were harvested from these andro- 
gen-independent Pea patients prior to androgen ablation 
treatment. Each tissue sample was cut into two pans, one 
was fixed in 10% formalin for IHC and the other treated 
with 4% paraformaIdehyde/0.1 M PBS PH 7.4 in 0.1% 
DEPC for 1 h for ISH analysis, and then embedded in par- 
affin. All paraffin blocks examined were then cut into 5 
urn sections and mounted on the glass slides specific for 
IHC and ISH respeaively in the usual fashion. H&E- 
stained section of each Pea was evaluated and assigned a 
Gleason score by the experienced urological padiologist at 
our institution based on the criteria of Gleason score [2]. 
The Gleason sums are summarized in Table 1. Clinical 
staging was performed accordiiig to Jewett-whitmore- 
prout staging system, as shown in Table 2. In the category 
of PIN, we graded the specimens into two groups, i.e. low 
grade PIN (grade I - II) and high grade PIN (HGPIN, 
grade III) on the basis of literatures |3,4]. 

tmmunohistochemicat (IHC) analysis 
Briefly, tissue sections were deparaffinized, dehydrated, 
and subjected to microwaving in 10 mmoI/L citrate 
buffer, PH 6.0 (Boshide, Wuhan, China) in a 900 W oven 
for 5 min to induce epitope retrieval. Slides were allowed 
to cool at room temperature for 30 min. A primary mouse 
antibody specific to human PSCA (Boshide, Wuhan, 
China) with a 1 : 1 00 dilution was applied to incubate with 
the slides at room temperature for 2 h. Labeling was 
detected by sequentially adding bioiinylated secondary 
antibodies and strcpavidin-peroxidase, and localized 
using 3,3'-diaminoben2idine reaction. Sections were then 
counterstained with hematoxylin. Substitution of the pri- 
mary antibody with phosphate-bufTeied-salinc (PBS) 
served as a negative-staining control. 

mRNA in situ hybridizoUon (ISH) 
Five-tim-thick tissue seaions were deparaffinized and 
dehydrated, then digested in pepsin solution (4 mg/ml in 
3% ciulc acid) for 20 min at 37.5 'C, and further proc- 
essed for ISH. Digoxigenin-labeled sense and antisciisc 
human PSCA RNA probes (obtained from Boshide, 
Wuhan, China) were hybridized to the sections at 48*C 
overnight. The postiiybridization wash with a high suin- 
gencywas performed sequentially at 37' C in 2 x standard 
saline citrate (SSC) for 10 min, in 0.5 x SSC for 15 min 
and in 0.2 ^ SSC for 30 min. The slides were then incu- 
bated to biotinylated mouse anii-digoxigenin antibody at 
37.5*C for 1 h followed by washing in 1 x PBS for 20 min 
at room temperature, and then to strepavidin-peroxidase 
at 37.5 **C for 20 min followed by washing in 1 x PBS for 
15 min at room temperature. Subsequently, the slides 
were developed with diaminobenzidlne and then coun- 
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intensity ^ frequency 



Gleason score ^^gj 



9(X) 



i1 5(83) ,(17) 

19(79) 5(21) 
5(28) 13(72) 



Table 2: Corrdation of PSCA expression with clinical stage 







Intensity ^ frequency 




Tumor stage 






9{%) 




27 (67.5) 




13 (32.5) 
6(75) 





terstained with hematoxylin to localize the hybridization 
signals. Sections hybridized with the sense control probes 
routinely did not show any specific hybridization signal 
above background. All slides were hybridized with PBS to 
substitute for die probes as a negative control. 

Scoring methods 

To determine die correlation between the results of PSCA 
immunosiaining and mRNA in situ hybridization, the 
same scoring manners are taken in the present study for 
PSCA protein staining by IHC and PSCA mRNA staining 
by ISH. Each slide was read and scored by two independ- 
endy experienced urological pathologists using Olympus 
BX-41 light miaoscopes. The evaluation was done in a 
blinded fashion. For each seaion, five areas of similar 
grade were analyzed semiquantitatively for Uie fraction of 
cells staining. Fifty percent of specimens were randomly 
chosen and rescorcd to determine the degree of interob- 
server and intraobserver concordance. There was greater 
than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopi- 
cally was graded on a scale of 0 to 3+ with 3 being the 
highest expression observed {0, no staining; 1+. mildly 
intense; 2+, moderately intense; 3+, severely intense). The 
staining density was quantified as the percentage of cells 
staining positive for PSCA witii the primary antibody or 
hybridization probe, as follows: 0 = no staining; 1 = posi- 
tivc staining in <25% of die sample; 2 = positive staining 
in 25%-50% of die sample; 3 = positive staining in >50% 



of the sample. Intensity score (0 to 3+) was multiplied by 
die density score (0-3) to give an overall score of 0-9 
[1,5], In this way, we were able to differentiate specimens 
tiiat may have had focal areas of increased staining from 
those that had diffuse areas of increased staining [6], The 
overall score for each specimen was then categorically 
assigned to one of the following groups: 0 score, negative 
expression; 1-2 scores, weak expression; 3-6 scores, mod- 
erate expression; 9 score, surong expression. 

Statistical analysis 

Intensity and density of PSCA protein and mRNA expres- 
sion in BPH, PIN and Pea tissues were compared using the 
Chi-square and Student's t-test. Univariate associations 
between PSCA expression and Gleason score, clinical 
stage and progression to androgen-independence were 
calculated using Fisher's Exact Test. For all analyses, p < 
0.05 was considered statistically significant. 

Results 

PSCA expression in BPH 

In general, PSCA protein and mRNA were expressed 
weakly in individual samples of BPH. Some areas of 
prostate expressed weak levels (composite score 1-2), 
whereas other areas were completely negative (composite 
score 0). Four cases (20%) of BPH had moderate expres- 
sion of PSCA protein and mRNA (composite score 4-6) 
by IHC and ISH. In 2/20 (10%) BPH specimens, PSCA 
mRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 
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2) in one and negative (composite score 0) in the other. 
PSCA expression was localized to the basal and secretory 
epithelial cells, and prostatic stroma was almost negative 
staining for PSCA protein and mRNA in all cases 
examined. 

PSCA expression in PIN 

In this study, we detected weak or negative expression of 
PSCA protein and mRNA (^2 scores) in 7 of 9 (77.8%) 
low grade PIN and in 2 of 11 (18.2%) HGPIN, and mod- 
erate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of 11 (45.5%) HGPIN. One HGPIN with moderate 
PSCA mRNA expression (6 score) was found weak suin- 
ing for PSCA protein (2 score) by IHC, Strong PSCA pro- 
tein and mRNA expression (9 score) were detected in the 
remaining 3 of 11 (27.3%) HGPIN. There was a statisti- 
cally significant difference of PSCA protein and mRNA 
expression levels observed between HGPIN and BPH (p < 
0.05), but no statistical difference reached between low 
grade PIN and BPH (p > 0.05). 

PSCA expression in Pea 

In order to determine if PSCA protein and mRNA can be 
detected in prostate cancers and if PSCA expression levels 
are increased in malignant compared with benign glands. 
Forty-eight paraffin-embedded Pea specimens were ana- 
lysed by IHC and ISH. It was shown that 19 of 48 (39.6%) 
Pea samples stained very strongly for PSCA protein and 
mRNA with a score of 9 and another 21 (43.8%) speci- 
mens displayed moderate staining with scores of 4-6 (Fig- 
ure 1), In addition, 4 specimens with moderate to strong 
PSCA mRNA expression (scores of 4-9) had weak protein 
staining (a score of 2) by IHC analyses. Overall, Pea 
expressed a significantly higher level of PSCA protein and 
mRNA than any other specimen category in this study (p 
< 0.05, compared with BPH and PIN respeaively). The 
result demonstrates that PSCA protein and mRNA are 
ovcrexpresscd by a majority of human Pea, 

Correlation of PSCA expression with Gfeason score in Pea 
Using the semi-quantitative scoring method as described 
in Materials and Methods, we compared the expression 
level of PSCA protein and mRNA with Gleason grade of 
Pea, as shown in Table 1. Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores ^ well-differentia- 
tion, 5-7 scores = moderate-differentiation and 8-10 
scores « poor-differentiation (71. Seventy-two percent of 
Gleason scores 8-10 prostate cancers had very strong 
staining of PSCA compared to 21% with Gleason scores 
5-7 and 17% with 2-4 respectively, demonstrating thai 
poorly differentiated Pea had significantly stronger 
expression of PSCA protein and mRNA than moderately 
and well differentiated tumors (p < 0.05). As depicted in 
Figure 1, IHC and ISH analyses showed that PSCA protein 
and mRNA exptession in several cases of poorly differen- 



tiated Pea were particularly prominent, with more intense 
and uniform staining. The results indicate that PSCA 
expression increases significantly with higher tumor grade 
in human Pea. 

Correlation of PSCA expression with clinical stage in Pea 
With regards to PSCA expression in every stage of Pea, we 
showed the results in Table 2. Seventy-five percent of 
locally advanced and node positive cancers (i.e. C-D 
stages) expressed statistically high levels of PSCA versus 
32.5% that were organ confined (i.e. A-B stages) (p < 
0.05). The data demonstrate that PSCA expression 
increases significantly with advanced tumor stage in 
human Pea. 

Correlation of PSCA expression with androgen- 
independent progression of Pea 

All 9 specimens of androgen-independent prostate can- 
cers stained posiUvc for PSCA protein and mRNA. Eight 
specimens were obtained from patients managed prior to 
androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the 
strongest staining category (score = 9), compared with 
three out of eight (37.5%) of patients with androgen- 
dependent cancers (p < 0.05). The results demonstrate 
that PSCA expression increases significantly with progres- 
sion to androgen-independence of human Pea. 

It is evident from the results above that within a majority 
of human prostate cancers the level of PSCA protein and 
mRNA expression correlates significantly with increasing 
grade, worsening stage and progression to androgen-inde- 
pendence. 

Correlation of PSCA immunostaining and mRNA in $itu 
hybridization 

In ail 88 specimens surveyed herein, we compared the 
results of PSCA IHC staining with mRNA ISH analysis. 
Positive staining areas and its intensity and density scores 
evaluated by IHC were identical to those seen by ISH in 79 
of 88 (89.8%) specimens (18/20 BPH, 19/20 PIN and 42/ 
48 Pea respectively). Imponantiy, 27/27 samples with 
PSCA mRNA composite scores of 0-2, 32/36 samples 
with scores of 3-6 and 22/24 samples with a score of 9 
also had PSCA protein expression scores of 0-2, 3-6 and 
9 respectively. However, in 5 samples with PSCA mRNA 
overall scores of 3-6 and in 2 with scores of 9 there were 
less or negative PSCA protein expression (i.e. scores of 0- 
4), suggesting that this may reflect posttranscriptionai 
modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data 
demonstrate that the results of PSCA immunosuining 
were consistent with those of mRNA ISH analysis, show- 
ing a high degree of correlation between PSCA protein 
and mRNA expression. 
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Figure I 
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™d «ii i B tlie primary antibody (A,) and iiybrldlzatlon witt, a sense PSCA probe (B, sli,wed no blck- 



6) in all malignant cells; A, IHC sho'ws not onty cell surfece "bu't JsVaWen; 'c^^l^c^^lZ^^Ki^'^Zr^^^^ " 
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8) with very strong staining (composite score = 9) in all malignant ceHs.' 
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Discussion 

PSCA is homologous to a group of cell surface proteins 
thai mark the earliest phase of hematopoietic develop- 
ment. PSCA mRNA expression is prostate-specific in nor- 
mal male tissues and is highly up-regulated in both 
androgen-dependeni and-independeni Pea xenografts 
(IAPC-4 tumors). We hypothesize that PSCA may play a 
role in Pea tumorigenesis and progression, and may serve 
as a target for Pea diagnosis and treatment. In this study, 
IHC and ISH showed that in general there were weak or 
absent PSCA protein and mRNA expression in BPH and 
low grade PIN tissues. However, PSCA protein and mRNA 
are widely expressed in HGPIN, the putative precursor of 
invasive Pea, suggesting that up-rcgulation of PSCA is an 
early event in prostate carcinogenesis. Recently, Reiter RE 
ctal [1], using ISH analysis, reported that97 of 118 (82%) 
HGPIN specimens stained suongly positive for PSCA 
mRNA. A very similar finding was seen on mouse PSCA 
(niPSCA) expression in mouse HGPIN tissues by Tran C. 
P ct al (81. These data suggest that PSCA may be a new 
maiker associated with transformation of prostate cells 
and tumorigenesis. 

We observed that PSCA protein and mRNA are highly 
expressed in a large percentage of human prostate cancers, 
induding advanced, poorly differentiated, androgen- 
independent and metastatic cases. Fluorescence-activated 
cell sorting and confocal/ immunofluoreseent studies 
demonstrated cell surface expression of PSCA protein in 
Pea cells [9|. Our IHC expression analysis of PSCA shows 
not only cell surface but also apparent cytoplasmic stain- 
ing of PSCA protein in Pea specimens (Figure 1). One pos- 
sible explanation for dits is that anti-PSCA antibody can 
recognize PSCA peptide precursors that reside in the cyto- 
plasm. Also, it is possible that the positive staining that 
appears in the cytoplasm is aaually from the overlying 
cell membrane [S). These data seem to indicate that PSCA 
is a novel cell surfecc marker for human Pea. 

Our results show that elevated level of PSCA expression 
correlates with high grade (i.e. poor differentiation), 
increased tumor stage and progression to androgen-inde- 
pendence of Pea. These findings support the original IHC 
analyses by Gu Z et al (9], who reported that PSCA protein 
expressed in 94% of primary Pea and the intensity of 
PSCA protein expression increased with tumor grade, 
stage and progression to androgen-independenee. Our 
results also collaborate the recent work of Han KR et al 
1 10], in which the significant association between high 
PSCA expression and adverse prognostic features such as 
high Gleason score, seminal vesicle invasion and capsular 
involvement in Pea was found. It is suggested that PSCA 
overexpression may be an adverse predictor for recur- 
rence, clinical progression or survival of Pea. Hara H et ai 
111] used RT-PCR detection of PSA, PSMA and PSCA in 1 



ml of peripheral blood to evaluate Pea patients with poor 
prognosis. The results showed that among 58 PCa 
patients, each PCR indicated the prognostic value in the 
hierarchy of PSCA>PSA>PSMA RT-PCR, and extraprostatic 
cases with positive PSCA PCR indicated lower disease-pro- 
gression-free survival than those with negative PSCA PCR, 
demonstrating that PSCA can be used as a prognostic fac- 
tor. Dubey P et al |l2j reported that elevated numbers of 
PSCA + cells correlate positively with the onset and devel- 
opment of prostate carcinoma over a long time span in 
the prostates of the TRAMP and PTEN +/- models com- 
pared with its normal prostates. Taken together with our 
present findings, in which PSCA is overexpressed from 
HGPIN to almost frank carcinoma, it is reasonable and 
possible to use increased PSCA expression level or 
increased numbers of PSCA-positive cells in the prostate 
samples as a prognostic marker to predict the potential 
onset of this cancer. These data raise the possibility that 
PSCA may have diagnostic utility or clinical prognostic 
value in human Pea. 

The cause of PSCA overexpression in Pea is not known. 
One possible mechanism is that it may result from PSCA 
gene amplification. In humans, PSCA is located on chro- 
mosome 8q24.2 II], which is often amplified in meta- 
static and recurrent Pea and considered to indicate a poor 
prognosis 113-15]. Interestingly, PSCA is in close proxim- 
ity to the c-myc oncogene, which is amplified in >20% of 
recurrent and metastatic prostate cancers [16,17], Reiter 
RE et al 1 18| reported that PSCA and MYC gene copy num- 
bers were co-amplified in 25% of tumors (five out of 
twenty), demonsorating that PSCA overexpression is asso- 
ciated with PSCA and MYC coamplification in Pea. Gu Z 
et al 19] recently reporteted that in 102 specimens availa- 
ble to compare the results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had iden- 
tically positive areas of PSCA protein and mRNA expres- 
sion. Taken together with our findings, in which we 
detected moderate to strong expression of PSCA protein 
and mRNA in 34 of 40 (85%) Pea specimens examined 
simultaneously by IHC and ISH analyses, it is demon- 
strated that PSCA protein and mRNA overexpressed in 
human Pea, and that the increased protein level of PSCA 
was resulted from the upregulated transcription of its 
mRNA. 

At present, the regulation mechanisms of human PSCA 
expression and its biological function are yet to be eluci- 
dated. PSCA expression may be regulated by multiple fac- 
tors 1 1 8|. Watabe T ct al ( 1 9] reported that transcriptional 
control is a major component regulating PSCA expression 
levels. In addition, induction of PSCA expression may be 
regulated or mediated through cell-cell contact and pro- 
tein kinase C (PKC) |20]. Homologues of PSCA have 
diverse activities, and have themselves been involved in 
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carcinogenesis. Signalling through SCA-2 has been dem- 
onstrated to prevent apoptosis in Immature thymocytes 
[21]. Thy-1 is involved in Tcell activation and uansducts 
signals through src-like tyrosine kinases [22). Ly-6 genes 
have been implicated both in tumorigenesis and in cell- 
cell adhesion (23-25). Cell-cell or cell-matrix interaaion is 
critical for local tumor growth and spread to distal sites. 
From its restriaed expression in basal cells of normal 
prostate and its homology to SCA-2, PSCA may play a role 
in stem/progenitor cell function, such as self-renewal (i.e. 
anti-apoptosis) and/or proliferation [1]. Taken together 
with the results in the present study, we speculate that 
PSCA may play a role in tumorigenesis and clinical pro- 
gression of Pea through affeaing cell transformation and 
proliferation. From our results, it is also suggested that 
PSCA as a new cell surface antigen may have a number of 
potential uses in the diagnosis, therapy and clinical prog- 
nosis of human Pea. PSCA overexpression in prostate 
biopsies could be used to identify patients at high risk to 
develop recurrent or metastatic disease, and to discrimi- 
nate cancers from normal glands in prostatectomy sam- 
ples. Similarly, the detection of PSCA-overcxpressing cells 
in bone marrow or peripheral blood may identify and pre- 
dict metastatic progression better than current assays, 
which identify only PSA-positive or PSMA-positive pros- 
tate cells. 

In summary, we have shown in this study that PSCA pro- 
tein and mRNA arc maintained in expression from 
HGPIN through ail stages of Pea in a majority of cases, 
which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell dif- 
ferentiation), advanced stage and androgen-independent 
progression. PSCA protein overexpression is due to the 
upregulation of its mRNA transcription. The results sug- 
gest that PSCA may be a promising molecular marker for 
the clinical prognosis of human Pea and a valuable target 
for diagnosis and therapy of this tumor. 
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#N0362S 



25 m 



$55 



9.000 
7.000 • 

5.000 -I 

3.000 ■ 
2,000 ■ 

1.000 - 
500 - 



1 ^ of RNA Ladder 
was heated at 60X 
for 3 minutes in 1XRNA 
Ladder Sample Buffer 
and visualized by 
ethidium bromide 
staining (1.0% TBE 
agarose gel). 



Description: The RNA Ladder is a set of 7 RNA 
molecules produced by in w7ro transcription of a 
mixture of 7 linear DNA templates. Ttie ladder sizes are: 
9000. 7000. 5000, 3000. 2000. 1000 and 500 bases. 
The 3000 base fragment is at double intensity to serve 
as a reference band. This ladder is suitable for use as an 
RNA size standard on denaturing or native agarose gels. 

Reagents Supplied with Ladders: 

2X RNA Ladder Sample Buffer (for use with native 
agarose gels) 

2X RNA Ladder Sample Buffer: 

2X TBE (pH 8.3), 13% ficoll (w/v). 0.01% bromophenol 
blue and 7 M urea. 

Concentration: 500 pg/ml. 

Storage Conditions: 20 KOAc (pH 4.5). Store 
at -70°C. For short term storage (< 1 week), ladder can 
be stored at-20''C. 

Notes on Use: 

To avoid ribonuclease contamination: wear gloves, use 
RNase-free water for gels and buffers, wash equipment 
with detergent and rinse thoroughly with Ri^ase-free 

water. 

It is best to use Ireshly poured gels that are as thin as 
possible (i.e. 2-10 mm). Excessively long run times or 



high voltage can cause degradation of the bands on 
the gel. We recommend 4-8 volts/cm and running the 
bromophenol blue approximately 5 cm into the gel for 

good resolution. 

Adding ethidium bromide to agarose gels and running 
buffer at a final concentration of 0.5 ng/ml will 
effectively stain the bands during electrophoresis. 

Denaturing vs. Native Agarose Gels: 

It is common practice to eleclrophorese RNA on a fully 
denaturing agarose gel, such as one containing 
formaldehyde (1). However, in many cases it is possible 
to run RNA on a native agarose gel and obtain suitable 
results. In fact, it has been demonstrated that treatment 
of RNA samples in a denaturing buffer maintains the 
RNA molecules in a denatured state, during electro- 
phoresis, for at least 3 hours (2.3). The use of native 
agarose gels eliminates problems associated with toxic 
chemicals and the difficulties encountered when staining 
and blotting formaldehyde gels. 

References: 

(1) Sambrook, J., Fritsch, E. F. and Maniatis, T. (1989). 

l\/lolecular Cloning: A Laboratory Manual, (2nd ed.). 
(pp. 7.43-7.45). Cold Spring Harbor: Cold Spring 
Harbor Laboratory Press. 

(2) Liu, Y-C, Chou, Y-C. (1990) Biotecliniques^, 558. 

(3) Sandra Cook and Christina IVIarchetti. unpublished 
observations. 



2-Log DNA Ladder (OJ-10,0 kb) 



#N3200S 
#N3200L 



100 ng . 
500 pg . 



. $55 
$220 



DNA 




Mass 




(ng) 


Kilobases 


40 


10.0- 


40 


8.0- 


48 


6.0-1 


40 


5.0- 


32 


4.0- 


120 


3.0- 


40 


2.0- 


57 


1.5 - 


45 


1.2- 


122 


1.0 - 


34 


0.9 - 


31 


0.8- 


27 


0.7 - 


23 


0.6- 


124 


0.5- 


49 


0.4- 


37 


0.3- 


32 


0.2- 


61 


0.1 - 



I0^of2-Log 
DNA Ladder 
visualized by 
ethidium bromide 
staining on a 1.0% 



Description: A number of proprietary plasmids are 
digested to completion with appropriate restriction 
enzymes to yield 19 bands suitable for use as molecular 

weight standards for agarose gel electrophoresis. This 
digested DNA includes fragments ranging from 100 bp 
to 10 kb. The 0.5, 1.0 and 3.0 kb bands have increased 
intensity to serve as reference points. 

Preparation: Double-stranded DNA is digested to 
completion with the appropriate restriction enzymes, 
phenol extracted and equilibrated to 10 mM Tris-HCI 
(pH 8.0)and1mM EDTA. 

Concentration: 1.000 pg/ml. 

Storage Conditions: 10 mM Tris-HCI (pH 8.0) 
and 1 mM EDTA. For long term storage, store at -20°C. 
2-Log DNA Ladder is stable for at least 3 months at 4°C. 

Note: All fragments have 4-base. 5' overhangs that can 
be end labeled using T4 Polynucleotide Kinase (NEB 
#M0201) orfilled-in using DNA Polymerase I, Klenow 
Fragment (NEB #M0210) (1). Use a-[^P] dATP or a-PP] 
dTTP for the fill-in reaction. 

Usage Recommendation: We recommend loading 
1 MO of the 2-Log DNA Ladder diluted in sample buffer. 
This ladder was not designed for precise quantification of 
DNA mass but can be used for approximating the mass of 
DNA in comparably intense samples of similar size. 



The approximate mass of DNA in each of the bands in 
our 2-Log DNA Ladder is as follows (assuming a 1 \jq 
loading): 



Fragment 


Base Pairs 


DNA [Vlass 


1 


10.002 


40 ng 


2 


. 8.001 


40 ng 


3 


6.001 


48 ng 


4 


5.001 


40 ng 


5 


4.001 


32 ng 


6 


3,001 


120 ng 


7 


2.017 


40 ng 


8 


1.517 


57 ng 


9 


1.200 


45 ng 


10 


1,000 


122 ng 


11 


900 


34 ng 


12 


800 


31 ng 


13 


700 


27 ng 


14 


600 


23 ng 


15a 
15b 


517 X. 
500 ^ 


124 ng 


16 


400 


49 ng 


17 


300 


37 ng 


18 


200 


32 ng 


19 


100 


61 ng 



Reference: 

(1) Sambrook. J.. Fritsch, E. F. and Maniatis. T. 
(1989). f\^olecular Cloning: A Laboratory Manual, 
(2nd ed.), (pp. 10.51-10.67). Cold Spring Harbor: 
Cold Spring Harbor Laboratory Press. 
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### 

Tue Feb 12 09:52:12 2002 [BLASTP 2.2.1 [J.ul-12-2001] , NCBI] 
/home/ruby/va/Molbio/carpenda/tempids/p.l .DNA45409 (234 aa) 
/home/ruby/va/Molbio/carpenda/tempids/pl . DNA45409 

Sequences producing High- scoring Segment Pairs: 
1 P_AAB87532 Human PR01864 - Homo sapiens. 

Human polypeptide SEQ ID NO 6647 - Homo sa 
Human polypeptide SEQ ID NO 6646 - Homo sa 
Human polypeptide SEQ ID NO 3074 - Homo sa 
Human PRO polypeptide sequence #33 - Homo 
Unknown (protein for MGC: 14607) - Homo sap 
Similar to steroidogenic acute regulatory 
H_NH1021A08.1 - Homo sapiens 
hypothetical protein MGC3251 - Homo sapien 
Human polypeptide SEQ ID NO 3075 - Homo sa 



P_AAM41716 
P_AAM41715 
P__AAM3 992 9 
P_AAU2 9056 
AAH05959.1 
AAH03074.1 

8 AAD15552.1 

9 NP_114405.1 
10 P AAM39930 



2 
3 
4 
5 
6 
7 



Score 


Match 


Pet 


E 


-val 


1195 


234 


100 


e 


-130 


1195 


234 


100 


e 


-130 


1195 


234 


100 


e 


-130 


1195 


234 


100 


e 


-130 


1195 


234 


100 


e 


-130 


1195 


234 


100 


e 


-130 


1195 


234 


100 


e 


-130 


1195 


234 


100 


e 


-130 


1195 


234 


100 


e 


-130 


1087 


216 


92 


e 


-117 



03-MAR-2000; 2 OOOUS- 0187202P . 
30-MAR-2000; 2000WO-US008439 . 
22-MAY-2000; 2000WO-US014042 . 



Dayhoff Protein Database (Rel 78, Mar 2004) 

P_AAB87532 Human PR01864 - Homo sapiens. 
Length: 234 aa 
Accession: P_AAB87532; 
Species: Homo sapiens. 

Keywords: Human; PRO protein; mapping; patent; GENESEQ patentdb. 
Patent number: WO200116318-A2 . 
Publication date: 08-MAR-2001. 
Filing date: 24-AUG-2000; 2000WO-US023328 . 

Priority: Ol-SEP-1999; 99WO-US020111 , 15-SEP-1999; 99WO-US021090 

07-DEC-1999; 99US-0169495P . 09-DEC-1999; 99US-0170262P . 

ll-JAN-2000; 2000US-0175481P . 18-PEB-2000; 2000WO-US004341 

18-FEB-2000; 2000WO-US004342 . 22-FEB-2000; 2000WO-US004414 

Ol-MAR-2000; 2000WO-US005601 . 

21-MAR-2000; 2000US-0191007P . 

25-APR-2000; 2000US-01993 97P . 

05-JUN-2000; 2000US-0209832P . 
Assignee: (GETH ) GENENTECH INC. 

Inventors: Eaton DL, Filvaroff E, Gerritsen ME, Goddard A, Godowski PJ; 

Grimaldi CJ, Gurney AL, Watanabe CK, Wood WI; 
Cross reference: WPI; 2001-183260/18. N-PSDB; AAF92064. 
Title: Eighty four nucleic acids encoding PRO polypeptides, useful in 

molecular biology, including use as hybridization probes, and in 

chromosome and gene mapping. 
Patent format: Claim 12; Fig 14; 2 78pp; English. 

Comment: The present sequence is a human PRO polypeptide (secreted and 

transmembrane) . The PRO protein, and PRO agonists, PRO antagonists 
or anti-PRO antibodies are useful for preparation of a medicament 
useful in the treatment of a condition which is responsive to the 
PRO protein, agonists, antagonists or anti-^PRO antibodies. The PRO 
protein may also be employed as molecular weight markers for 
protein electrophoresis. The PRO coding sequence has applications 
in molecular biology, including use as hybridisation probes, and in 
chromosome and gene mapping 

Database: GENESEQ patent database (v200420, 23-SEP-2004) . 

P_AAM41716 Human polypeptide SEQ ID NO 6647 - Homo sapiens. 
Length: 238 aa 
Accession: P AAM41716; 



Species: Homo sapiens, . 

Keywords: Human; nootropic; immunosuppressant; cytostatic; gene therapy; 
cancer; peripheral nervous system; neuropathy; central nervous 
system; CNS; Alzheimer's; Parkinson's disease; Huntington's 
disease; haemostatic; amyotrophic lateral sclerosis; Shy-Drager 
Syndrome; chemotactic; chemokinetic; thrombolytic; drug screening- 
arthritis; inflammation; leukaemia; patent; GENESEQ patentdb. 

Patent number: WO200153312-A1 . 

Publication date: 26-JUL-2001. 

Filing date: 26-DEC-2000; 2000WO-US034263 . 

Priority: 23-DEC-1999; 99US-00471275 . 21-JAN-2000; 2000US-00488725 
25-APR-2000; 2000US-00552317 . 20- JUN-2000 ; 2000US-00598042 
19-JUL-2000; 2000US-00620312 . 03-AUG-2000; 2000US-00653450 " 
14-SEP-2000; 2000US-00662191 . 19-OCT-2000; 2000US-00693036 * 
29-NOV-2000; 2000US-00727344 . 

Assignee: (HYSB-) HYSEQ INC. 

vt^f. I' T""^ Z Wehrman T, Xu C, Xue AJ, Yang Y, Zhang J, Zhao qI; 
Zhou P, Goodrich R, Drmanac RT; 
Cross reference: WPI; 2001-442253/47. N-PSDB; AAI60872 

Title: Novel nucleic acids and polypeptides, useful for treating disorders 
such as central nervous system injuries. 

Patent format: Example 2; SEQ ID NO 6647; 10078pp; English 

Comment: The invention relates to human nucleic acids (AAI57798-AAI61369) 
and the encoded polypeptides {AAM38642-AAM42213) with nootropic 
immunosuppressant and cytostatic activity. The polynucleotides 'are 
useful in gene therapy. A composition containing a polypeptide or 
polynucleotide of the invention may be used to treat diseases of 
the peripheral nervous system, such as peripheral nervous injuries 
peripheral neuropathy and localised neuropathies and central 
nervous system diseases, such as Alzheimer's, Parkinson's disease, 
Huntington's disease, amyotrophic lateral sclerosis, and Shy-Draqer 
Syndrome. Other uses include the utilisation of the activities such 
as: Immune system suppression, Activin/inhibin activity 
chenriotactic/chemokinetic activity, haemostatic and throirf3olytic 
activity, cancer diagnosis and therapy, drug screening, assays for 
receptor activity, arthritis and inflammation, leukaemias and C.N S 
disorders. Note: The sequence data for this patent did not form 
part of the printed specification 

Database: GENESEQ patent database (v200420, 23-SEP-2004) . 

P_AAM41715 Human polypeptide SEQ ID NO 6646 - Homo sapiens 
Length: 238 aa 
Accession: P_AAM41715; 
Species: Homo sapiens. 

Keywords: Human; nootropic; immunosuppressant; cytostatic; gene therapy- 
cancer; peripheral nervous system; neuropathy; central nervous 
system; CNS; Alzheimer's; Parkinson's disease; Huntington's 
disease; haemostatic; amyotrophic lateral sclerosis; Shy-Drager 
Syndrome; chemotactic; chemokinetic; thrombolytic; drug screening; 
arthritis; inflammation; leukaemia; patent; GENESEQ patentdb 

Patent number: WO200153312-A1 . 

Publication date: 26-JUL-2001. 

Filing date: 26-DEC-2000; 2000WO-US034263 . 

Priority: 23-DEC-1999; 99US-00471275 . 21-JAN-2000; 2000US-00488725 
25-APR-2000; 2000US-00552317 . 20-JUN-2000; 2000US-00598042 
19-JUL-2000; 2000US-00620312. 03-AUG-2000; 2000US-00653450 



14-SEP-2000; 2000US-00662191 . 19-OCT-2000; 200003-00693036. 
29-NOV-2000; 2 OOOUS- 00727344 . 
Assignee; (HYSE-) HYSEQ INC. 

Inventors: tang YT, Liu C, Asundi V, Chen R, Ma Y, Qian XB, Ren P, Wang D; 

Wang J, Wang Z, Wehrman T, Xu C, Xue AJ, Yang Y, Zhang J, Zhao QA; 

Zhou P, Goodrich R, Drmanac RT; 
Cross reference: WPI; 2001-442253/47. N-PSDB; AAI60871. 

Title: Novel nucleic acids and polypeptides, useful for treating disorders 
such as central nervous system injuries. 

Patent format: Example 2; SEQ ID NO 6646; 10078pp; English, 

Comment: The invention relates to human nucleic acids (AAI57798-AAI61369) 
and the encoded polypeptides (AAM38642-AAM42213) with nootropic, 
immunosuppressant and cytostatic activity. The polynucleotides are 
useful in gene therapy. A composition containing a polypeptide or 
polynucleotide of the invention may be used to treat diseases of 
the peripheral nervous system, such as peripheral nervous injuries, 
peripheral neuropathy and localised neuropathies and central 
nervous system diseases, such as Alzheimer's, Parkinson's disease, 
Huntington's disease, . amyotrophic lateral sclerosis, and Shy-Drager 
Syndrome. Other uses include the utilisation of the activities such 
as: Immune system suppression, Activin/inhibin activity, 
chemotactic/chemokinetic activity, haemostatic and thrombolytic 
activity, cancer diagnosis and therapy, drug screening, assays for 
receptor activity, arthritis and inflammation, leukaemias and C.N.S 
disorders. Note: The sequence data for this patent did not form 
part of the printed specification 

Database: GENESEQ patent database (v200420, 23-SEP-2004) . 

P__AAM39929 Human polypeptide SEQ ID NO 3074 - Homo sapiens. 
Length: 234 aa 
Accession: P_AAM3 9929; 
Species: Homo sapiens. 

Keywords: Human; nootropic; immunosuppressant; cytostatic; gene therapy; 
cancer; peripheral nervous system; neuropathy; central nervous 
system; CNS; Alzheimer's; Parkinson's disease; Huntington's 
disease; haemostatic; amyotrophic lateral sclerosis; Shy-Drager 
Syndrome; chemotactic; chemokinetic; thrombolytic; drug screening; 
arthritis; inflammation; leukaemia; patent; GENESEQ patentdb. 

Patent number: WO2 00153312-A1 . 

Publication date: 26-JXJL-2001 . 

Filing date: 26-DEC-2000; 2000WO-US034263 . 

Priority: 23-DEC-1999; 99US-00471275 . 21-JAN-2000; 2000US-00488725 . 

25-APR-2000; 2000US-00552317 . 20-JUN-2000; 2000US-00598042 . 

19-JUL-2000; 2000US-00620312 . 03-AUG-2000; 2000US-00653450 . 

14-SEP-2000; 2000US-00662191 . 19-OCT-2000; 2000US-00693036 . 

29-NOV-2000; 2 OOOUS- 00727344 . 
Assignee: (HYSE-) HYSEQ INC. 

Inventors: Tang YT, Liu C, Asundi V, Chen R, Ma Y, Qian XB, Ren F, Wang D; 

Wang J, Wang Z, Wehrman T, Xu C, Xue AJ, Yang Y, Zhang J, Zhao QA; 

Zhou P, Goodrich R, Drmanac RT; 
Cross reference: WPI; 2001-442253/47. N-PSDB; AAI59085. 

Title: Novel nucleic acids and polypeptides, useful for treating disorders 
such as central nervous system injuries. 

Patent format: Example 4; SEQ ID NO 3074; 10078pp; English. 

Comment: The invention relates to human nucleic acids (AAI57798-AAI61369) 
and the encoded polypeptides (AAM38642-AAM42213) with nootropic, 
immunosuppressant and cytostatic activity. The polynucleotides are 



useful in gene therapy. A composition containing a polypeptide or 
polynucleotide of the invention may be used to treat diseases of 
the peripheral nervous system, such as peripheral nervous injuries, 
peripheral neuropathy and localised neuropathies and central 
nervous system diseases, such as Alzheimer's, Parkinson's disease, 
Huntington's disease, amyotrophic lateral sclerosis, and Shy-Drager 
Syndrome. Other uses include the utilisation of the activities such 
as: Immune system suppression, Activin/inhibin activity, 
chemotactic/chemokinetic activity, haemostatic and thrombolytic 
activity, cancer diagnosis and therapy, drug screeiiing, assays for 
receptor activity, arthritis and inflammation, leukaemias and C.N.S 
disorders. Note: The sequence data for this patent did not form 
part of the printed specification 
Database: GENESEQ patent database (v200420, 23-SEP-2004) . 

P_AAU2 9056 Human PRO polypeptide sequence #33 - Homo sapiens. 
Length: 234 aa . 
Accession: P_AAU29056; 
Species: Homo sapiens. 

Keywords: PRO polypeptide; mammal; tumour; cancer; human; cattle; horse; 

sheep; dog; cat; pig; goat; rabbit; tumour necrosis factor alpha; 

TNF-alpha; blood; chondrocyte cell; cell proliferation; cell 

differentiation; colon; adrenal; lung; breast; prostate; rectum; 

cervix; liver; genetic disorder; patent; GENESEQ patentdb. 
Patent number: WO200168848-A2 . 
Publication date: 20-SEP-2001. 
Filing date: 28-FEB-2001; 2001WO-US006520 . 

Priority: Ol-MAR-2000; 2000WO-US005601 . 02-MAR-2000; 2000WO-US005841 . 

03-MAR-2 000; 2 000US-01872 02P . Ol-DEC-2 000 ; 2 000WO-US032678 . 

20-DEC-2000; 2000WO-US034956 . plus 36 more dates. 
Assignee : ; (GETH ) GENENTECH. INC. 

Inventors: Baker KP, Chen J, Desnoyers L, Goddard A, Godowski PJ, Gurney 

AL; Pan J, Smith V, Watanabe CK, Wood WI, Zhang Z; 
Cross reference: WPI; 2001-602746/68. N-PSDB; AAS45957. 

Title: Novel nucleic acids encoding PRO polypeptides, used to diagnose the 
presence of tumors, such as prostate and breast tumors, in mammals 
and to screen for modulators of the compounds. 

Patent format: Claim 11; Fig 66; 774pp; English. - 

Coitment: Sequences AAU29024-AAU29328 represent PRO polypeptides of the 

invention. The PRO. polypeptides and their associated nucleic acids 
can be used to detect the presence of a tumour in a mammal by 
comparing the level of expression of a PRO polypeptide in a test 
sample of cells from the animal and a control sample of normal 
cells, whereby a higher level of expression in the test sample 
indicates the presence of a tumour in the mammal . Mammals include 
dogs, cats, cattle, horses, sheep, pigs, goats and rabbits but are 
preferably human. The polypeptides can be used to stimulate tumour 
necrosis factor (TNF) alpha release from human blood, when 
contacted with it. A specific polypeptide can be used to stimulate 
'the proliferation or differentiation of chondrocyte cells. The PRO 
proteins can be used to determine the presence of tumoiars and also 
susceptibility to tumour development, particularly adrenal, lung, 
colon, breast, prostate, rectal, cervical, or liver tumours, in 
mammalian subjects. The oligonucleotide probes specific for the PRO 
nucleic acids can be used for genetic analysis of individuals with 
genetic disorders 

Database: GENESEQ patent database {v200420, 23-SEP-2004) . 



AAH05959 MLN64 N-terminal homolog /pid=AAH05959 . 1 - Homo sapiens 

Length: 234 aa 

Species: Homo sapiens (human) 

Strausberg , R . , Submitted (02-APR-2001) National Institutes of Health/ 

Mammalian Gene Collection (MGC) , Cancer Genomics Office, National 
Cancer Institute, 31 Center Drive, Room 11A03, Bethesda, MD 
20892-2590, USA Title: Direct Submission 

Gene: STARD3NL 

Locus: BC005959 

Accession: BC005959 

Cross-references: LocusID: 83930; AAH05959.1; BC005959_1 
Database: GBTRANS 

AAH03074 MLN64 N-terminal homolog /pid=AAH03074 . 1 - Homo sapiens 
Length: 234 aa 

Species: Homo sapiens (human) 

Strausberg,R. , Submitted (12-FEB-2001) National Institutes of Health, 
, Mammalian Gene Collection (MGC) , Cancer Genomics Office, National 

Cancer Institute, 31 Center Drive, Room 11A03, Bethesda, MD 

20892-2590, USA Title: Direct Submission 
Gene : STARD3NL 
Locus: BC003074 
Accession: BC003074 

Cross-references: LocusID: 83930; AAH03074.1; BC003074__1 
Database: GBTRANS 

NP_114405 MLN64 N-terminal homolog /pid=NP_114405 . 1 - Homo sapiens 
Length: 234 aa 

Species: Homo sapiens (human) 

Alpy,F., Wendling,C., Rio,M.C. and Tomasetto, C . , J. Biol. Chem. 277 (52), 
50780-50787 (2002) Title: MENTHO, a MLN64 homologue devoid of the 
START domain 

Gene: STARD3NL 

Locus: NM_032016 
Accession: NM_032016 

Cross-references: LocusID: 83930 ; NP_114405.1; NM_032016_1 
Database-: REFSEQ 

P_AAM3 993 0 Human polypeptide SEQ ID NO 3075 - Homo sapiens. 

Length: 216 aa 

Access ion : P_AAM3 9930; 

Species: Homo sapiens . 

Keywords: Human; nootropic; immunosuppressant; cytostatic; gene therapy; 
cancer; peripheral nervous system; neuropathy; central nervous 
system; CNS; Alzheimer's; Parkinson's disease; Huntington's 
disease; haemostatic; amyotrophic lateral sclerosis; Shy-Drager 
Syndrome; chemotactic; chemokinetic ; thrombolytic; drug screening; 
arthritis; inflammation; leukaemia; patent; GENESEQ patentdb. 

Patent number: WO200153312-A1 . 

Publication date: 26-JUL-2001. 

Filing date: 26-DEC-2000; 2000WO-US034263 . 

Priority: 23-DEC-1999; 99US-00471275 . 21-JAN-2000; 2000US-00488725 . 
25-APR-2000; 2000US-' 005523 17 . 20-JUN-2000; 2000US- 00598042 . 
19-JUL-2000; 2000US- 0062 03 12 . 03-AUG-2000; 2000US- 00653450 . 
14-SEP-2000; 2000US-00662191 . 19-OCT«2000; 2000US-00693036 . 
29-NOV-2000; 2000US-00727344 . 



Assignee: (HYSE-) HYSEQ INC. 

Inventors: Tang YT, Liu C, Asundi V, Chen R, Ma Y,'Qian XB, Ren F, Wang D; 

Wang J, Wang Z, Wehrman T, Xu C, Xue AJ, Yang Y, Zhang J, Zhao QA; 

Zhou P, Goodrich R, Drmanac RT; 
Cross reference: WPI; 2001-442253/47. N-PSDB; AAI59086. 

Title: Novel nucleic acids and polypeptides, useful for treating disorders 
such as central nervous system injuries. 

Patent format: Example 4; SEQ ID NO 3075; 10078pp; English. 

.Comment: The invention relates to human nucleic acids (AAI57798-AAI61369) 
and the encoded polypeptides (AAM3 8642-AAM42213) with nootropic, 
immunosuppressant and cytostatic activity. The polynucleotides are 
useful in gene therapy. A composition containing a polypeptide or 
polynucleotide of the invention may be used to treat diseases of 
the peripheral nervous system, such as peripheral nervous injuries, 
peripheral neuropathy and localised neuropathies and central 
nervous system diseases, such as Alzheimer's, Parkinson's disease, 
Huntington's disease, amyotrophic lateral sclerosis, and Shy-Drager 
Syndrome. Other uses include the utilisation of the activities such 
as: Immune system suppression, Activin/inhibin activity, 
chemotactic/chemokinetic activity, haemostatic and thrombolytic 
activity, cancer diagnosis and therapy, drug screening, assays for 
receptor activity, arthritis and inflammation, leukaemias and C.N.S 
disorders. Note: The sequence data for this patent did not form 
part of the printed specification 

Database: GENESEQ patent database (v200420, 23-SEP-2004) . 



### 

Tue Feb 5 14:46:37 2002 [BLASTN 2.2.1 [Jul-12-2001] , NCBI] 
/home/ruby/va/Molbio/carpenda/tempids/ss.DNA45409 (1572 bp) 
/home/ruby/va/Molbio/carperida/tempids/ss , DNA45409 

^Trn^L^^'^''*'^''^ High-scoring Segment Pairs: Frame Score Match Pet 

1 F_AAS45957 Human DNA encoding PRO polypeptide seque + 1572 1572 100 
P_AAF92064 Human PR01864 cDNA. 

AX092282 Sequence 13 from Patent WO0116318. DNA, 
P_AAI59085 Human polynucleotide SEQ ID NO 1288. 
P_^I60872 Human polynucleotide SEQ ID NO 4861. 
P_AAI60871 Human polynucleotide SEQ ID NO 4860, 
BC005959 Homo sapiens, clone MGC: 14607 IMAGE: 4048 



2 
3 
4 
5 
6 
7 



E-vai 
0.0 



1572 
1572 
1560 
1560 
1560 
1554 
1520 



1572 
1572 
1566 
1566 
1566 
1563 
1529 



100 
100 
100 
100 
100 
100 
100 



0 
0 
0 

0, 
0, 
.0. 
0. 



ACCESSION 
KEYWORDS 



8 BC003074 Homo sapiens, Similar to steroidogenic 
GenBank (Release 143, aug 2004) 
1572 100 0.0 

P_AAS45957 Human DNA encoding PRO polypeptide sequence #33. 572 bp 
cDNA, PAT 18-DEC-2001 
P__AAS45957 

GENESEQ; PRO polypeptide; mammal; tumour; cancer; human; cattle - 
horse; sheep; ss; dog; cat; pig; goat; rabbit; tumour necrosis 
factor alpha; TNF-alpha; blood; chondrocyte cell; cell 
proliferation; cell differentiation; colon; adrenal; lung; breasts- 
prostate; rectum; cervix; liver; genetic disorder; PGR primer; 
patent; patentdb (v200420, 23-SEP-2004) . 
Homo sapiens. 
Homo sapiens. 
1 (bases 1 to 1572) 

Baker, K. P., Chen, J., Desnoyers, L. , Goddard,A. , Godowski, P. j 
Gurney,A.L. Pan, J., Smith, V., Watanabe , C. K. , Wood,W.I., Zhang z 

Novel nucleic acids encoding PRO polypeptides, used to diagnose 'the 
presence of tumors, such as prostate and breast tumors, in mammals 
and to screen for modulators of the compounds. 

Patent: WO200168848 -A2 ; Filing Date:. 28-FEB-2001; 2001WO-US00652 0 • 
Publication Date: 20-SEP-2001; Priority: Ol-MAR-2000; 



SOURCE 

ORGANISM 
REFERENCE 

AUTHORS 

TITLE 



JOURNAL 



2000WO-US005601. 
2000US-0187202P. 
2000US-0189320P. 
2000WO-US006884. 
2000US-0191007P. 
2000US-0191314P. 
2000US-0193032P. 
2000WO-US008439. 
2000US-'0194647P. 
2000US-0196000P. 
2000US-0196690P. 
2000US-0198121P. 
2000US-0199397P. 
2000US-0199654P, 
2000WO-US013705 . 
2000WO-US014941. 
2000US-0209832P. 
2000US-00644848 . 
2000WO-US030952 . 



02- MAR-2000 
06-MAR~2000 
14-MAR-2000 
21-MAR-2000 

21- MAR-2000 

28- MAR-2000 

29- MAR-2000 
04-APR-2000 
ll-APR-2000 
ll-APR-2000 
11-APR--2000 
18-APR-2000 
25-APR-2000 

03- MAY-2000 

22- MAY-2000 
02-JUN-2000 
28-JUL-2000 
24-AUG-2000 
Ol-DEC-2000 



2000WO-US005841 
2000US-0186968P. 
2000US-0189328P. 
2000US-0190828P, 
200bUS-0191048P. 
2000US-0192655P. 
2000US-0193053P. 
2000US-0194449P. 
2b00US-0195975P. 
2000US-0196187P. 
2000US-0196820P. 
2000US-0198585P. 
2000US-0199550P. 
2000US-0201516P. 
2000WO-US014042 . 
2000WO-US015264 . 
2000WO-US020710 . 
2000WO-US023328. 
2000WO-US032678. 



03- MAR-2000 

14- MAR-2000 

15- MAR-2000 
21-MAR-2000 

21- MAR-2000 

29- MAR-2000 

30- MAR-2000 

04- APR-2000 
ll-APR-2000 
ll-APR-2000 
18-APR-2000 
25-APR-2000 
25-APR-2000 
17-MAY-2000 
30-MAY-2000 

05- JUN-2000 

22- AUG-2000 
08-NOV-200O 
20-DEC-2000 



2000WO-US034956; Assignee: (GETH ) GENENtech INC; Cross Reference: 



P-PSDB; AAU29056; Patent Format: Claim 2; Fig 



COMMENT 



FEATURES 
BASE COUNT 
ORIGIN 



WPI; 2001-602746/68, 
65/ 774pp; English. 

Sequences AAS45925-AAS46231 represent DNA molecules encoding an<a pc 
primers for PRO polypeptides of the invention. The sequences of thie 
invention can be used to detect the presence of a tumour in a mammal 
by comparing the level of expression of a PRO polypeptide in a test 
sample of cells from the animal and a control sample of normal 
cells, whereby a higher level of expression in the test sample 
indicates the presence of a tumour in the mammal. Mammals include 
dogs, cats, cattle, horses, sheep, pigs, goats and rabbits but anre 
preferably human. The polypeptides can be used to stimulate tumour 
necrosis factor (TNF) alpha release from human blood, when 
contacted with it. A specific polypeptide can be used to stimulate 
the proliferation or differentiation of chondrocyte cells. The pro 
proteins can be used to determine the presence of tumours and also 
susceptibility to tumour development, particularly adrenal, lung, 
colon, breast, prostate, rectal, cervical, or liver tumours, in' 
mammalian subjects. The oligonucleotide probes specific for the pro 
nucleic acids can be used for genetic analysis of individuals with 
genetic disorders 

Location/Qualifiers 
446 a 298 c 326 g 502 t . 



1572 100 0.0 

P_AAF92064 Human PR01864 cDNA. 
ACCESSION P_AAF92064 

KEYWORDS GENESEQ; Human; PRO protein; mapping; 

23-SEP-2004) . 
SOURCE Homo sapiens. 

ORGANISM Homo sapiens. 
REFERENCE 1 (bases 1 to 1572) 

AUTHORS Eaton, D . L . , Filvarof f , E . , 
Godowski,P. J. Grimaldi,C. J. , 
Wood, W.I. 

Eighty four nucleic acids encoding PRO polypeptides, useful in 
molecular biology, including use as hybridization probes, and in 
chromosome and gene mapping. 

Patent: WO200116318-A2 ; Filing Date: 24-AUG-2000; 2000WO-US02332 8 • 
Publication Date: 08-MAR-2001; Priority: Ol-SEP-1999; 
99WO-US020111. 15-SEP-1999; 99WO-US02 1090 . 07-DEC-1999; 
99US-0169495P. 09-DEC-1999; 99US-0170262P . . 11- JAN-2000 ; 
2000US-0175481P. 18-FEB-2000; 2000WO-US004341. 18-FEB-2000 



572 bp, CDNA, PAT 15-MAY-2001 

patent; patentdb (v20042O, 



Gerritsen,M.E. , Goddard, A. , 
Gurney , A . L . , Watanabe , C . K . , 



TITLE 



JOURNAL 



2000WO-US004342, 

2000WO-US005601< 
2000US-0191007P. 
2000US-0199397P, 



22-FEB-2000; 

03-MAR-2000; 
30-MAR-2000; 
22-MAY-2000; 



COMMENT 



2000WO-US004414 . Ol-MAR-2000 
2000US-0187202P. 21-MAR-2000 
2000WO-US008439. 25-APR-2000 
. 2000WO-US014042 . 05-JUN-2000 
2000US-0209832P; Assignee: (GETH ) GENENTECH INC; Cross Reference- 
WPI; 2001-183260/18. P-PSDB; AAB87532; Patent Format: Claim 2; Fia 
13; 278pp; English. ^ 

The present sequence is the coding sequence for a human PRO 
polypeptide (secreted and transmembrane) . The PRO protein, and PRO 
agonists, PRO antagonists or anti-PRO antibodies are useful for 
preparation of a medicament useful in the treatment of a condition 
which is responsive to the PRO protein, agonists, antagonists or 
anti-PRO antibodies. The PRO protein may also be employed as 
molecular weight markers for protein electrophoresis. The PRO 



coding sequence has applications in molecular biology, including 
use as hybridisation probes, and in chromosome and gene mapping 

FEATURES Location/Qualifiers 

BASE COUNT 446 a 298 c 326 g 502 t 

ORIGIN 

1572 100 0.0 . 

AX092282 Sequence 13 from Patent WO0116318, 1572 bp, 

DNA, linear, PAT 21-MAR-2001 
ACCESSION AX092282 

VERSION AX092282.1 GI:.13444455 

KEYWORDS 

SOURCE Homo sapiens (human) 

ORGANISM Homo sapiens 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; 

Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo. 
REFERENCE 1 

AUTHORS Eaton, D . L . , Filvarof f , E . , Gerritsen, M . E . , Goddard, A . , 

Godowski , P . J . , Grimaldi,C. J. , Gurney,A.L., Watanabe, C. K. and 
Wood, W.I. 

TITLE Secreted and transmembrane polypeptides and nucleic acids encoding 
the same 

JOURNAL Patent: WO 0116318-A 13 08-MAR-2001; 
Genentech, Inc. (US) 
FEATURES Location/Qualifiers 
source i. .1572 

/organism="Homo sapiens" 
/mol_type="unassigned DNA" 
/db_xref = " taxon : 9 6 0 6 " 

BASE COUNT 
ORIGIN 



Human polynucleotide SEQ ID NO 1288. 675 bp, cDNA, PAT 22-OCT-2001 
P AAI59085 



1566 100 0.0 

P_AAI59085 
ACCESSION 

KEYWORDS GENESEQ; Human; nootropic; immunosuppressant; cytostatic; gene 
therapy; cancer; peripheral nervous system; neuropathy; central 
nervous system; CNS; Alzheimer ' s; Parkinson»s disease; Huntington^ s 
disease; haemostatic; amyotrophic lateral sclerosis; Shy-Drager 
Syndrome; chemotactic; chemokinetic; thrombolytic; drug screening; 
arthritis; inflammation; leukaemia; patent; patentdb (v200420, 
23-SEP-2G04) . 
SOURCE Homo sapiens. 

ORGANISM Homo sapiens. 
REFERENCE 1 (bases 1 to 1675) 

AUTHORS Tang,Y.T., Liu,C., Asundi,V., Chen,R., Ma,Y., Qian,X.B., 

Ren,F., Wang, D. Wang, J., Wang,Z., Wehrman,T.., Xu,C., Xue,A. J. , 
Yang,Y., Zhang, J., Zhao, Q. A. Zhou, P., Goodrich, R., Drmanac,R.T. 

Novel nucleic acids and polypeptides, useful for treating disorders 
such as central nervous system injuries. 

Patent: WO200153312-A1; Filing Date: 26-DEC-2000; 2000WO-US034263 ; 
Publication Date: 26-JUL-2001; Priority: 23-DEC-1999; 
99US-00471275. 21-JAN-2000; 2000US-G0488725 . 25-APR-2000 ; 
2000US-00552317. 20-JUN-2000; 2000US-005 98042 . 19-JUL-2000; 
2000US-00620312 . 03-AUG-2000; 2000US-00653450 . 14-SEP-2000; 
2000US-00662191. 19-OCT-2000; 2000US-00693036 . 29-NOV-2000; 
2000US-00727344; Assignee: (HYSE-) HYSEQ INC; Cross Reference: WPI; 



TITLE 



JOURNAL 



2001-442253/47. P-PSDB; AAM39929; Patent Format: Claim 1; SEO ID Krn 
1288/ 10078pp; English. ^ u i^u 

COMMENT The invention relates to human nucleic acids (AAI57798-AAI61369) and 
the encoded polypeptides {AAM38642-AAM42213) with nootropic, 
immunosuppressant and cytostatic activity. The polynucleotides are 
useful in gene therapy. A composition containing a polypeptide or 
polynucleotide of the invention may be used to treat diseases of the 
peripheral nervous system, such as peripheral nervous injuries, 
peripheral neuropathy and localised neuropathies and central 
nervous system diseases, such as Alzheimer's, Parkinson's disease 
Huntington's disease, amyotrophic lateral sclerosis, and Shy-Drag4r 
Syndrome. Other uses include the utilisation of the activities such 
as: Immune system suppression, Activin/inhibin activity, 
chemotactic/chemokinetic activity, haemostatic and thrombolytic 
activity, cancer diagnosis and therapy, drug screening, assays for 
receptor activity, arthritis and inflammation, leukaemias and C.N S 
disorders. Note: The sequence data for this patent did not form * ' ' 
part of the printed specification 

FEATURES Locat ion/Qual i f ier s 

BASE COUNT 462 a 338 c 361 g 514 t 

ORIGIN 

1566 100 0,0 

P_AAI60872 Human polynucleotide SEQ ID NO 4861. 663 bp, cDNA, PAT 22-OCT-2001 
ACCESSION P_AAI60872 

KEYWORDS GENESEQ; Human; nootropic; immunosuppressant; cytostatic; gene 
therapy; cancer; peripheral nervous system; neuropathy; central 
nervous system; CNS; Alzheimer's; Parkinson's disease; Huntington's 
disease; haemostatic; amyotrophic lateral sclerosis; Shy-Prager 
Syndrome; chemotactic; chemokinetic; thrombolytic; drug screening; 
arthritis; inflammation; leukaemia; patent; patentdb {v200420 
23-SEP-2004) . 
SOURCE Homo sapiens. 

ORGANISM Homo sapiens. 
REFERENCE 1 (bases 1 to 1663) 

AUTHORS Tang,Y.T., Liu,C., Asundi,V., Chen,R., Ma,Y., Qian,X.B., 

Ren,F., Wang,D. Wang, J., Wang,Z.v Wehrman,T., Xu,C., Xue,A. J. , 
Yang,Y., Zhang, J.,- Zhao, Q. A. Zhou, P., Goodrich, R., Drmanac , R . T ! 

TITLE Novel nucleic acids and polypeptides, useful for treating disorders 

such as central nervous system injuries. 

JOURNAL Patent: WO200153312-A1 ; Filing Date: 26-DEC-2000; 2000WO-US034263; 
Publication Date: 26-JUL-2001; Priority: 23-DEC-1999; 
99US-00471275. 21- JAN-2000 ; 2000US-00488725 , 25-APR-2000; 
2000US-00552317. 20-JUN-2000; 2000US-00598042 . 19-JUL-2000; 
2000US-00620312. 03-AUG-2000; 2 OOOUS- 0065345 0 . 14-SEP-2000; 
2000US-00662191. 19-OCT-2000; 2000US-00693036 . 29-NOV-2000; 
2000US-00727344; Assignee: (HYSE-) HYSEQ INC; Cross Reference: WPI - 
2001-442253/47. P-PSDB; AAM41716; Patent Format: Claim 1; SEQ ID NO 
. 4861; 10078pp; English. 
COMMENT The invention relates to human nucleic acids {AAI57798-AAI61369) and 
the encoded polypeptides (AAM38642-AAM42213) with nootropic, 
immunosuppressant and cytostatic activity. The polynucleotides are 
useful in gene therapy. A composition containing a polypeptide or 
polynucleotide of .the invention may be used to treat diseases of the 
peripheral nervous system, such as peripheral nervous injuries, 
peripheral neuropathy and localised neuropathies and central 
nervous system .diseases, such as Alzheimer's, Parkinson's disease, 



Huntington's disease, amyotrophic lateral sclerosis, and Shy-Drager 
Syndrome, Other uses include the utilisation of the activities such 
as: Immune system suppression, Activin/inhibin activity, 
chemotactic/chemokinetic activity, haemostatic and thrombolytic 
activity, cancer diagnosis and therapy, drug screening, assays for 
receptor activity, arthritis and inflammation, leukaemias and C.N.S 
disorders. Note: The sequence data for this patent did not form 
part of the printed specification 

FEATURES Location/Qualifiers 

BASE COUNT 454 a 335 c 360 g 514 t 

ORIGIN 

1566 100 0.0 

P_AAI60871 Human polynucleotide SEQ ID NO 4860. 663 bp, cDNA, PAT 22-OCT-2001 
ACCESSION P_AAI60871 

KEYWORDS GENESEQ; Human; nootropic; immunosuppressant; cytostatic; gene 
therapy; cancer; peripheral nervous system; neuropathy; central 
nervous system; CNS; Alzheimer's; Parkinson's disease; Huntington's 
disease; haemostatic; amyotrophic lateral sclerosis; Shy-Drager 
Syndrome; chemotactic; chemokinetic; thrombolytic; drug screening; 
arthritis; inflammation; leukaemia; patent; patentdb (v200420, 
23-SEP-2004) . 

SOURCE Homo sapiens. 

ORGANISM Homo sapiens. 

REFERENCE 1 (bases 1 to 1663) 

AUTHORS Tang,Y.T., Liu,C., Asundi,V. , Chen,R., Ma,Y., Qian,X.B., 

Ren,F., Wang,D. Wang, J., Wang,Z., Wehrman,T., Xu,C., Xue,A. J. , 
Yang,Y., Zhang, J., Zhao,Q.Al Zhou, P., Goodrich, R., Drmanac,R.T. 
TITLE Novel nucleic acids and polypeptides, useful for treating disorders 

such as central nervous system injuries. 
JOURNAL Patent: WO200153312-A1 ; Filing Date: 26-DEC-2000; 2000WO-US034263 ; 
Publication Date: 26-JUL-2001; Priority: 23-DEC-1999; 
99US-00471275. 21-JAN-2000; 2000US-00488725 . 25-APR-2000; 
2000US-00552317. 20-JUN-2000; 2000US- 005 98042 . 19-JUL-2000; 
2000US-00620312. 03-AUG-2000; 2000US-00653450 • 14-SEP-2000; 
2000US-00662191. 19-OCT-2000; 2000US-00693036 . 29-NOV-2000; 
2000US-00727344; Assignee: (HYSE-) HYSEQ INC; Cross Reference: WPI ; 
2001-442253/47. P-PSDB; AAM41715; Patent Format: Claim 1; SEQ ID NO 
4860; 10078pp; English. 

COMMENT The invention relates to human nucleic acids {AAI57798-AAI61369) and 

the encoded polypeptides (AAM38642-AAM42213 ) with nootropic, 
immunosuppressant and cytostatic activity. The polynucleotides are 
useful in gene therapy. A composition containing a polypeptide or 
polynucleotide of the invention may be used to treat diseases of the 
peripheral nervous system, such as peripheral nervous injuries, 
peripheral neuropathy and localised neuropathies and central 
nervous system diseases, such as Alzheimer's, Parkinson's disease, 
Huntington's disease, amyotrophic lateral sclerosis, and Shy-Drager 
Syndrome. Other uses include the utilisation of the activities such 
as: Immune system suppression, Activin/inhibin activity, • 
chemotactic/chemokinetic activity, haemostatic and thrombolytic 
activity, cancer diagnosis and therapy, drug screening, assays for 
receptor activity, arthritis and inflammation, leukaemias and C.N.S 
disorders. Note: The sequence data for this patent did not form 
part of the printed specification 

FEATURES Location/Qualifiers 

BASE COUNT 454 a 335 c 360 g 514 t 



ORIGIN 



1563 100 0.0 

BC005959 Homo sapiens STARD3 N- terminal like, mRNA (cDNA clone MGC: 14607 

IMAGE:4048871) , complete cds . 1591 bp, 

mRNA, linear, PRI 30-JUN-2004 
ACCESSION BC005955 

VERSION BC005959.1 GI: 13543614 

• KEYWORDS MGC 

SOURCE Homo sapiens (human) 

ORGANISM Homo sapiens 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; 
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo. 
REFERENCE 1 (bases 1 to 1591) 

AUTHORS Strausberg,R,L. , Feingold, E .A. , Grouse, L.H., Derge,J.G., 

Klausner,R.D. , Collins , F . S . , Wagner, L., Shenmen , C . M . , Schuler,G.D. , 
Altschul,S.F. , Zeeberg,B., Buetow,K.H., Schaefer, C.F. , Bhat ,N.K. , 
Hopkins, R. F. , Jordan, H., Moore, T., Max,S.I., Wang, J., Hsieh,F., 
Diatchenko,L. , Marusina,K,, Farmer, A. A., Rubin, G.M., Hong,L., 
Stapleton,M. , Soares,M.B., Bonaldo,M.F. , Casavaht ,T.L. , 
Scheetz,T.E. , Brownstein,M. J . , Usdin,T.B., Toshiyuki , S . , 
Carninci,P., Prange,C., Raha,S.S., Loquellano,N.A. , Peters, G.J,, 
Abramson,R.D. , Mullahy, S . J. , Bosak,S.A., McEwan,P.J., 
McKernan,K. J. , Malek, J.A. , Gunaratne , P . H . , Richards, S. , 
Worley,K.C., Hale,S., Garcia, A. M. , Gay,L.J., Hulyk,S.W., 
Villalon,D.K. , Muzny,D.M., Sodergren, E . J . , Lu, X. , Gibbs, R.A. , 
Fahey,J., Helton, E.., Ketteman,M., Madan,A., Rodrigues , S . , 
Sanchez, A., Whiting, M., Madan,A. , Young, A. C, Shevchienko , Y . , 
Bouf f ard,G.G. , Blakesley, R , W . , Touchman , J . W . , Green, E.D. , 
Dickson, M. C. , Rodriguez , A. C . , Grimwood,J., Schmutz,J., Myers, R.M., 
Butterf ield, Y.S. , Krzywinski , M . I . , Skalska,U. , Smailus,D.E. , 
Schnerch,A., Schein,J.E., Jones, S.J. and Marra,M.A. 

TITLE Generation and initial analysis of more than 15,000 full-length 

human and mouse cDNA sequences 

JOlURNAL Proc. Natl. Acad. Sci . U.S.A. 99 (26), 16899-16903 (2002) 
PUBMED 12477932 
REFERENCE 2 (bases 1 to 1591) 

AUTHORS Strausbergv R . 

TITLE Direct Submission 

JOURNAL Submitted (02-APR-2001) National Institutes of Health, Mammalian 
Gene Collection (MGC) , Cancer Genomics Office, National Cancer 
Institute, 31 Center Drive, Room 11A03, Bethesda, MD 20892-2590, 
USA 

REMARK NIH-MGC Project URL: http : //mgc .nci , nih.gov 
COMMENT Contact: MGC help desk 

Email : cgapbs-r@mail . nih . gov 
Tissue Procurement: ATCC 

cDNA Library Preparation: CLONTECH Laboratories, Inc. 

cDNA Library Arrayed by: The I.M.A.G.E. Consortium (LLNL) 

DNA Sequencing by: Sequencing Group at the Stanford Human Genome 

Center, Stanford University School of Medicine, Stanford, CA 94305 

Web site: http://www-shgc.stanford.edu 

Contact: (Dickson, Mark) mcdOpaxil, Stanford. edu 

Dickson, M., Schmutz, J., Grimwood, J., Rodriquez, A., and Myers, 
R. M. 



Clone distribution: MGC clone distribution information can be found 



FEATURES 

source 



through the I.M.A.G.E. Consort ium/LLNL at: http://image.llnl qov 
Series: IRAL Plate: 21 Row: i Column: 9 

This clone was selected for full length sequencing because it 
passed the following selection criteria: Similarity but not 
identity to protein. 



gene 



CDS 



BASE COUNT 
ORIGIN 



Location/Qualifiers 
1..1591 
/organism="Homo sapiens" 
/mol_type= "mRNA" 
/db_xref="taxQn: 9606" 
/clone="MGC: 14607 IMAGE : 4048871" 
/tissue_type=" Brain, primitive neuroectodermal' 
/ c 1 one_l ib= " NX H_MGC_5 6 " 
/ 1 ab_ho s t = " DH 1 b B " 
/note= "Vector: pDNR-LIB" 

1. .1591 
/gene="STARD3NL" 

/note=" synonyms: MENTHO, MGC3251" 
/db_xref="LocusID: 83930" 
94 . . 798 

/gene="STARD3NL" 
/codon_start=l 

/product="MLN64 N- terminal homolog" 
/protein_id= "AAH05959 . 1" 
7db_xref="GI: 13543615" 
/db_xref="LocusID: 83930" 



1529 100 
BC003074 



0.0 



ACCESSION 
VERSION 
KEYWORDS 
SOURCE 



REFERENCE 
AUTHORS 



Homo sapiens STARD3 N-terminal like, mRNA (cDNA clone MGC-3251 
IMAGE:3505985) , complete cds . 1552 bp, 
mRNA, linear, PRI 29-JUN-2004 
BC003074 

BC003074 .2 GI : 33870620 
MGC . 

Homo sapiens (human) 
ORGANISM Homo sapiens 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; 
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo. 
1 (bases 1 to 1552) 

Strausberg,R.L. , Feingold, E .A, , Grouse, L.H., Derge,J.G., 
Klausner,R.D. , Collins, F.S . , Wagner, L., Shenmen, CM. , Schuler,G.D 
Altschul,S.P. , Zeeberg,B., Buetow,K.H,, Schaef er, C. F. , Bhat,N.K., 
Hopkins, R. F. , Jordan, H., Moore, T., Max,S.I., Wang, J,, Hsieh,F., 
Diatchenko,L., Marusina,K., Farmer, A. A., Rubin, G.M., Hong,L., 
Stapleton,M. , Soares,M.B., Bonaldo,M. F. , Casavant , T . L . , 
Scheetz,T.E. , Brownstein,M. J. , Usdin,T.B., Toshiyuki, s'. , 
Carninci,P., Prange,C., Raha,S.S., Loquellano,N.A. , Peters, G. J., 
Abramson,R.D. , Mullahy,S. J. , Bosak,S.A., McEwan,P.J., 
McKernan,K. J. , Malek,J.A., Gunaratne, P.H. , Richards, S., 
Worley,K.C., Hale,S., Garcia, A.M., Gay,L.J., Hulyk,S.W., 
Villalon,D.K. , Muzny,D.M., Sodergren, E. J. , Lu,X., Gibbs,R.A., 
Fahey,J., Helton, E,, Ketteman,M., Madan,A., Rodrigues , S. , 
Sanchez, A., Whiting, M., Madan,A., Young, A. C, Shevchenko , Y , , 
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Butterf ield, Y.S. , Krzywinski,M. I . , Skalska,U., Smailus , D . E . , 
Schnerch,A., Schein,J.E., Jones, S.J. and Marra,M.A. 
TITLE . Generation and initial analysis, of more than 15,000 full-length 

human and mouse cDNA sequences 
JOURNAL Proc. Natl. Acad. Sci. U.S.A. 99 (26), 16899-16903 (2002) 
PUBMED. 12477932 
REFERENCE 2 (bases 1 to 1552) 
AUTHORS Strausberg , R . 
TITLE Direct Submission 

JOURNAL Submitted {12-FEB-2001) National Institutes of Health, Mammalian 
Gene Collection (MGC) , Cancer Genomics Office, National Cancer 
Institute, 31 Center Drive, Room 11A03, Bethesda, MD 20892-2590, 
USA 

REMARK NIH-MGC Project URL: http://mgc.nci.nih.gov 
COMMENT On Aug 19, 2003 this sequence version replaced gi: 13111773. 
Contact: MGC help desk 
Email: cgapbs-r@mail . nih.gov 
Tissue Procurement: DCTD/DTP 
cDNA Library Preparation: Rubin Laboratory 
cDNA Library Arrayed by: The I.M:A,G.E. Consortium (LLNL) 
DNA Sequencing by: Institute for Systems Biology 
http://www.systemsbiology.org 
contact : amadan@syst emsbiology . org 

Anup Madan, Jessica Fahey, Erin Helton, Mark Ketteman, Anuradha 
Madan, Stephanie Rodrigues, Amy Sanchez and Michelle Whiting 

Clone distribution: MGC clone distribution information can be found 
through the I.M.A.G.E, Consort ium/LLNL at: http://image.llnl.gov 
Series: IRAL Plate: 7 Row: d Column: 21 

This clone was selected for full length sequencing because it 
passed the following selection criteria: matched mRNA gi: 14042926. 
FEATURES Locat ion/Qual if ier s 

source 1..1552 

/organism="Homo sapiens" 
/mol_type= "mRNA" 
/ db_xr e f = " t axon : 9 6 0 6 " 
/clone="MGC:3251 IMAGE : 3505985 " 

/tissue_type="Kidney, renal cell adenocarcinoma" 
/clone lib="NIH MGC 14" 
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CDS 



/lab_host="DH10B-R" 
/note= "Vector: pOTB7" 

1. .1552 
/gene= " STARD3NL " 

/not e=" synonyms: MENTHO, MGC3251" 
/db_xr e f = " Locus ID:83930" 

59. .763 
/gene= " STARD3NL " 
/codon__start=l 

/product ="MLN6 4 N-terminal homolog" 
/protein__id="AAH03074 . 1" 
/db_xref ="GI : 13111774" 
/db xref="LocusID: 83930" 
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DECLARATION OF J, CHRISTOPHER GRIMALDL UNDER 37 C.F.R. § 1.132 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

I, J. Christopher Grimaldi, declare and say as follows: 

1 . I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the abbve-identified patent application, I personally performed or 
directed the semi-quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 18 in the 
specification that were used to identify differences in gene expression between tumor tissue and 
their normal counterparts. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 



4. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 



AppL No. 
Filed 



10/063^557 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist as a single copy. 
Gene imder-expression can occur when a gene is not transcribed into mRNA. In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to 
each other chromosome resulting in a chimeric chromosome which displays a different expression 
pattern relative to the parent chromosomes. Amplification of certain genes such as Her2/Neu 
[Singleton et aL Pathol. Annu. . 27Ptl: 165-1 90], or chromosomal translocations such as t(5;14), 
[Grimaldi era/.. Blood, 73(8):2081-2085(1989); Meeker et aL, Blood . 76(2):285-289(1990)] give 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5 . Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be , 
over-expressed. It is unlikely that one identifies increased mRNA expression without associated 
increased protein expression. This same principle applies to gene under-expression. When a 
gene is under-expressed, the gene product is also likely to be imder-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PGR, Taqman, and more recently Microarray technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for cancer diagnosis 
and treatment. For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 
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under-expression of the gene product in the presence of a particular over- or under-expression of 
mRNA is crucial information for the practicing clinician. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide jiot to treat a patient with agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 

By: f / /^^^^^^ Date: _ 

J. Christopher Grimaldi 

S:\D0CS\A0K\ApK-5479.DOC 
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DECLARAHON OF PAUL POLAiaS, Ph.D, 
I, Paul Polakis,Ph,D., declare and say as follows: ; 

1. 1 was awarded a Ph.p. by the Department of Biochemistry of the Michigan 
State Umveisity in 1984. My scientific Curriculum Vitae is attached to and fonns 
part of this Declaration (Exhibit A). 

2. I am cun-ently employed by Genentech, Inc. where my job title is Staff 
Scientist. Since joining Genentech in 1999, one of my primary responsibilities has 
been leadmg Genentech's Tumor Antigen Project, which is a large research project 
with a primary foCus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. As part of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells 
The purpose of this research is to identify proteins, that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins", When such a tumor antigen protein is 
identified, one can produce an antibody that recognizies and binds to that protein 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human canCCT. 

4. In the course of the research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studymg differential gene expression in human tumor cells relative to normal cells 
at genomic DNA, mRNA and protein levels. An important example of one such ' 
technique is the well known and widely used technique of microarray analysis 
whjch has proven to be extremdy usefiil for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells. To date we 
have generated antibodies that bind to about 30 of the tumor antigen/ proteins ' ' 
expressed fi-om these differentially expressed gene transcripts and have used these 

antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and cortesponding normal cells We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protein, expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in thei level of a particular miEySfA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my . 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of liiRNA in a tumor cell relative 

to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinibh that such reports are exceptions to tiie commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all stateinents made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
arid further that these statements were made with the knowledge that willfril &lse 
statements and the like so made are purpshable by fine or imprisoimient, or both, 
underSection lOOl ofTitle 18 ofthe United States Code and that such willfUl 
statements may jeopardize the validity of the application or any patent issued 
thereon. 



Dated: 




Paul Polakis, Ph.D, 
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PAULG.POLAKIS / 

Staff Scientist ' 

Genentech, Inc 

1 DNAWay.MS#40 

S. San Francisco, CA 94080 

EDUCATION: 

Ph.D., Biochemistry, Department of Biochemistry, 
Michigan State University (1984) 

B.S., Biology. College of Natural Science, Michigan State University (1977) 



■ ■ • I . ■ • 

I 

PROFESSIONAL EXPERIENCE: 

2002^present Staff Scientist, Genentech, Inc 

S. San Francisco, CA 

1999-2002 Senior Scientist, Genentech, Inc., 

S. San Francisco, CA 

1997-1999 Research Director 

Onyx Phamrtaceutlcals, Richmond, CA 

I . - ■ . . . . ^ ■ . • 

1992-1996 Senior Scientist, Project Leader. Onyx 

Phamnaceuticals, Richmond, CA 



1991-1992 Senior Scientist, Chiron Corporation, 

Emeryville, CA. 

1989-1991 Scientist, Cetus Corporation. Emeryville CA, 

1987-1989 Postdoctoral Research Associate. Genentech, 

Inc., South SanFrancisco, CA. 



1985-1987 



Postdoctoral Research Associate, Department 
of Medicine, Duke University Medical Center, 
Durham, NC 



1984-1985 
1980-1984 



Assistant Professor, Department of Cherhistry, 
Oberlin College, Oberlln, Ohio 



Graduate Research Assistant, Department of 
Biochemistry, Michigan State University 
East Lansing, Michigan 



PUBLICATIONS: 

1. Pplakis, P G. and Wilson, J. E. 1982 Purification of a Highly Bindable Rat Brain 
Hexokinase by l-ligh Perfomiance Liquid Chromatography. Blochem. Blophys. 
Res. Commun. 107, 937-943. 

2. Polakis, P.G. and Wilson, J. E. 1984 Proteolytic Dissection of Rat Brain 
Hexoldnase: Determination of the Cleavage Pattern during Limited Digestion with 
Trypsin. Arch. Blochem. Blophys. 234, 341-352. 
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Blochem. Blophys. 236, 328-337. 

4. Uhing, R.J., Polakis,P.G. and Snyderman, R. 1987 Isolaton of GTP-binding 
Proteins from Myeloid HL60 Cells. J. Biol. Chem. 262, 1 5575-1 5579. 
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Chemoattractant Receptor Copurifies with a GTP-binding Protein Containing a 
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Chemoattractant Receptors and Signal Transduction Processes in Cellular and 
Molecular Aspects of Inflammation ( Poste, G. and Crooke, S. T. eds.) pp 335-379. 

7. Polakis, P.G., Evans, T, and Snyderman 1989 Multiple Chromatographic Forms 
of the Formylpeptide Chemoattractant Receptor and their Relationship to GTPr 
binding Proteins. Blochem. Blophys. Res. Commun. 161, 276-283. 

8. Polakis, P. G., Snyderman, R. and Evans, T. 1989 Characterization of G25K, a 
GTP-binding Protein Containing a Novel Putative Nucleotide Binding Domain. 
Blochem. Blophys. Res. Comun. 160. 25-32. 

9. Polakis, P., Weber,R.F., Nevins.B., Didsbury, J. Evans.T. and Snyderman, R. 
1 989 Identification of the ral and raci Gene Products, Low Molecular Mass GTP- 
binding Proteins from Human Platelets. J. Biol. Chem. 264, 16383-16389. 

10. Snyderman, R., Perianin, A., Evans, T., Polakis, P. and Didsbury, J. 1989 G 
Proteins and Neutrophil Function. In ADP-Ribosylating Toxins and G Proteins: 
Insights into Signal Transduction. ( J. Moss and M. Vaughn, eds.) Amer. Soc. 
Microbiol, pp. 295-323. 



11. Hart, M.J., Polakis, P.G., Evans, t. and Cenion?, RA 1990 The Identification 
and Cliaraterlzation of an Epidennal Growtli Factor-Stimulated Piiosphorylation of a 
Specific Low Moiecular Mass GTP-bindln^ Protein in a Reconstituted Phospholipid 
Vesicle System. J. Bid. Chem, 265, 5990-6001. 

12. Yatani, A., Okabe, K., Polakis, P. Halenbeck, R. McComnick, F. and Brown^, A. 
M. 1990 ras p2i and GAP inhibit Coupling of Muscarinic Receptors to Atrial K+ 
Channels. Cell. 61, 769-776. , 

13. Munemitsu, S.. innis, M.A., Clark, R., McComnick, F., Ullrich, A. and Polakis, 
P.G. 1990 Molecular Cloning and Expression of a G25K cDNA, the (Human Homolog 
of the Yeast Cell Cycle Gene CDC42. Mol. Cell. Biol. 10, 5977-5982. 

14. Polakis, P.O. Rubinfeld, B. Evans, T. and McComnick, F. 1991 Purification of 
Plasma Membrane-Associated GTPase Activating Protein (GAP) Specific for rap- 
1/krev-1 from HL60 Cells. Proc. Natl. Acad. Sol. USA 88, 239-243. 

15. Moran, M. F., Polakis, P., McComnick, F., Pawson, T. and Ellis, C, 1991 Protein 
Tyrosine Kinases Regulate the Phosphorylation, Protein Interactions, Subcellular 
Distribution, and Activity of p2 Iras GTPase Activating Protein. Mol. Ceil. Biol. 11, 
1804-1812 ! 
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Internatl. J. Peptide and Prot. Res. 38, 47-53. 
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McCormick, F., and Polakis, P. 1991 Molecular Cloning of a GTPase Activating 
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^cts. If these minor cell proteins differ among cells to the same extent as the 
?inoie abundant proteins, as is commonly assumed, only a small mmiber of pro- 
tein differences (perhaps several himdred) suffice to create very large differences 
jii'cell morphology and behavior. 

A Cell Can Change the Expression of Its Genes 
in Response to External Signals ^ 

Most of the specialized cells in a multicellular organism are capable of altering 
their patterns of gene expression in response to extracellular cues. If a liver cell 
is e3?)0sed to a glucocorticoid hormone, for example, the production of several 
specific proteins is dramatically increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
production of glucose from amino acids and other small molecules; the set of 
pioteins whose production is induced includes enzymes such as tyrosine amino- 
transferase, which helps to convert tyrosme to glucose. When the hormone is ho 
longer present, the production of these proteins drops to its normal level. 

Other cell types respond to glucocorticoids in different ways. In fat cells, for 
example, the production of tyrosine aminotransferase is reduced, whOe some 
other cell types do not respond to glucocorticoids at all. These examples iUiistrate 
a general feature of cell speciaii2atiorv;-different cell types often respond m dif- 
ferent ways to the same extracellular signal. Underlying this specialization are 
features that do not change, which give each cell type its permanentiy distinc- 
tive character. These features reflect the persistent expression of different sets of 
genes. 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein ^ 

If differences between the various cell types of an organism depend on the par- 
ticular genes tiiat the ceUs express, at what level is die control of gene expression 
exercised? Hiere are many steps in the pathway leading from DNA to protein, and 
afl of them can in principle be regulated. Thus a cell can control the proteins it 
makes by (1) controllmg when and how often a given gene is transcribed (tran- 
sttiptional control), (2) controllmg how the primary RNA transcript is spHced or 
otherwise processed (RNA processing control). (3) selecting which completed 
mRNTAs m the cell nucleus are exported to the cytoplasm (RNA transport con- 
trol), (4) selecting which mRNAs in die cytoplasm are translated by ribosomes 

franslational control), (5) selectively destabilizing certain mRNA molecules in 
the cytoplasm (mRNA degradation control), or (6) selectively activating, inacti- 
vatmg, or compartmentalizing specific protein molecules after tiiey have been 
niade (protein activity control) (Figure 9-2). 

For most genes transcriptional controls are paramount. This makes sense 

ecause, of aB the possible control points iUustrated in Figure 9-2, only transcrip- 
aonal control ensures tiiat no superfluous intermediates are synthesized. In the 
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Figure 9-2 Six steps at which 
eucaiyote gene exptesslon can be 
cohtrolled. Only controls that operate 
at steps 1 through 5 are discussed in 
this chapter. The regulation of protein 
activity (step 6) is discussed in 
Giapter 5; this includes reversible 
activation or inactivation by protein 
phosphorylation as well as 
irreversible inactivation by proteolytic 
degradation. 
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foDowing sections we discuss the DNA and protein components that regulate the 
initiation of gene transcription. We return at the end of the chapter to the other 
ways of regulating gene expression. 

Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thpjusands of different protein and RNA molecules. A cell typically expresses only a 
fraction ofits genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed. Moreover, cells can change the pattern 
of genes they express in response to charges in their environment, such as signals from 
other cells. Although all of the steps involved in expressing a gene can in principle be 
regulated, for most genes the initiation of RNA transcription is the most important 
point of control 



DNA-binding Motifs in Gene 
Regulatory Proteins ® 

How does a cell determine which of its thousands of genes to transcribe? As dis- 
cussed in Chapter 8, the transcription of each gene is controlled by a regulatory 
region of DNA near the site where transcription begins. Some regulatory regions 
are simple and act as switches that are thrown by a single signal. Other regula- 
tory regions are complex and act as tiny microprocessors, responding to a vari- 
ety of signals that they interpret and integrate to switch the neighboring gene on 
or off. Whether complex or simple, these switching devices consist of two fun- 
damental types of components: (1) short stretches of DNA of defined sequence 
and (2) gene regulatory proteins that recognize and bind to them. 

We begin our discussion of gene regulatory proteins by describing how these 
protieins were discovered. 



Gene Regulatory Proteins Were Discovered Using 
Bacterial Genetics ^ 

Genetic analyses in bacteria carried out in the 1950s provided the first evidence 
of the existence of gene regulatory proteins that turn specific sets of genes on 
or off. One of these regulators, the lambda repressor, is encoded by a bacterial 
virus, bacteriophage lambda. The repressor shuts off the viral genes that code for 
the protein components of new virus particles and thereby enables the viral ge- 
nome to remain a silent passenger in the bacterial chromosome, multiplying with 
the bacterium when conditions are favorable for bacterial growth (see Figure 
6-80). The lambda repressor was among the first gene regulatory proteins to be 
characterized, and it remains one of the best understood, as we discuss later. 
Other bacterial regulators respond to nutritional conditions by shutting off genes 
encoding specific sets of metabolic enzymes when they are not needed. The lac 
repressor, for example, the first of these bacterial proteins to be recognized, turns 
off the production of the proteins responsible for lactose metabolism when this 
sugar is absent fi:'om the medium. 

The first step toward understanding gene regulation was the isolation of 
mutant strains of bacteria and bacteriophage lambda that were unable to shut 
off specific sets of genes. It was proposed at the time, and later proved, that most 
of these mutants were deficient in pro/eins acting as specific repressors for these 
sets of genes. Because these protems, like most gene regulatory proteins, are 
present in small quantities, it was difficult and time-consuming to isolate them. 
They were eventually purified by fi-actionating ceU extracts on a series of stan- 
dard chromatography columns (see pp. 166-169). Once isolated, the pro- 
teins were shown to bind to specific DNA sequences close to the genes that they 



Figure 9-3 Double-helical structure 
of DNA. The major and minor grooves 
on the outside of the double helix, 
indicated. The atoms are colored as 
follows: carbon, dark blue; mtxo%^ 
light blue; hydrogen, white; oxygeo* 
r^; phosphorus, ye/2ou/. 
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Figure 9-71 A mechanism to esqilain 
both the marked deficiency of CG 
sequences and the presence of CG 
islands in vertebrate genomes. A 
black line marks the location of an 
immethylated CG dinucleotide in the 
DNA sequence, while a red /me marks 
the location of a methylated CG 
dinucleotide. 
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Summary 

jbe many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many spe- 
dalized animal cells can maintain their unique character when grown in culture, the 
ggne regulatory mechanisms involved in creating them must be stable once estab- 
lished and heritable when the cell divides, endowing the cell with a memory of its 
developmental history. Procaryotes and yeasts provide unusually accessible model 
systems in which to study gene regulatory mechanisms, some of which may be reU 
mntto the creation ofspeddlized cell types in higher eucaryotes. One such mecha- 
nism involves a competitive interaction between two (or more) gene regulatory pro- 
teins, each of which inhibits the synthesis of the other; this can create a flip-flop 
sudtch that switches a cell between two alternative patterns of gene expression. Di- 
rect or indirect positive feedback loops, which enable gene regulatory proteins to 
perpetuate their own synthesis, provide a general mechanism for cell memory. 

In eucaryotes gene transcription is generaUy controlled by combinations of gene 
rectory proteins. It is thought that each type of cell in a higher eucaryotic organism 
contains a specific combination of gene regulatory proteins that ensures the expres- 
sion of only those genes appropriate to that type of cell A given gene regulatory pro- 
tein may be expressed in a variety of circumstances and typically is involved in the 
regulation of many genes. 

In addition to diffusible gene regulatory proteins, inJierited states of diromaUn 
condensation are also utilized by eucaryotic cells to regulate gene expression. In ver- 
tebrates DNA meOiylatipn also plays a part, mainly as a device to reinforce decisions 
<*out ^ene expression that are made initiaUy by other mechanisms. 



Posttranscriptional Controls 

Although controls on the mitiation of gene transcription are the predominant 
ronn of regulation for most genes, other controls can act later in the pathway 
ffom RNA to protein to modulate the amount of gene product that is made. Al- 
™ugh these posttranscriptionai controisi which operate after RNA polymerase 
nas bound to the gene's promoter and begun RNA synthesis, are less common 
^^transcriptional control, loi many genes they are crucial. It seems that every 
lat h"^ Sene expression that could.be controned in principle is likely to be regu- 
aied under some circumstances for some genes. 

We consider the varieties of posttranscriptional regulation in temporal or- 
according to the sequence of events that might be experienced by an RNA 
oiecule after its transcription has begun (Figure 9-72). 
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Figure 9-72 Possible post- 
transcriptional controls on gene 
es^resslon. Only a few of these 
controls are likely to be used for any 
one gene. 
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Figure 6-3 Genes can be expressed 
with difTerent efficiencies. Gene A i$ 
transcribed and translated miich more 
efficiently than gene B.This allows the 
amount of protein A in the cell to be 
much greater than that of protein B. 



FROM DNATO RNA 

Transcription and translation are the means by which cells read out, or expresSi 
the genetic instructions in their genes. Because many identical RNA copies can 
be made firom the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary. But each gene can also be transcribed and 
translated with a different efficiency, allowing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-3). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the expression of each of its 
genes according to the needs of die moment— most obviously by controlling 
the production of its RNA. 

Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell takes in reading out a needed part of its genetic instructions 
is to copy a particular portion of its DNA nucleotide sequence— a gene— into an 
RNA nucleotide sequence. The information in RNA, although copied into another 
chemical form, is still written in essentially the same language as it is in DNA— 
the language of a nucleotide sequence. Hence the name ttanscription. 

like DNA, RNA is a linear polymer made of four different types of nucleotide 
subunits linked together by phosphodiester bonds CFigure 6-^). It differs from 
DNA chemically in two' respects: (1) the nucleotides in RNA are 
ribonucleotides— thsx is, they contain the sugar ribose [hence the name ribonu- 
cleic acid) rather than deo)[yribose; (2) although, like DNA, RNA contains the 
bases adenine CA), guanine (G), and cytosine (C), it contains the base uracil (U) 
instead of the thymine (T) in DNA. Since U, like T, can base-pair by hydrogen- 
bonding with A (Figure 6-5), the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with 
C, and A pairs with U), It is not uncommon, however, to find other types of base 
pairs in RNA: for example, G pairing with U occasionally 

Despite these small chemical differences, DNA and RNA differ quite dra- 
matically in overall structure. Whereas DNA always occurs in cells as a double- 
stranded helix, RNA is single-stranded. RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
a protein (Figure 6-6). As we see later in this chapter, the ability to fold into com- 
plex three-dimensional shapes allows some RNA molecules to have structural 
and catalytic functions. 



Transcription Produces RNA Complementary to 
One Strand of DNA 

All of the RNA in a cell is made by DNA transcription, a process that has cer- 
tain similarities to the process of DNA replication discussed in Chapter 5. 
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Figure 6-89 Protein aggregates that cause human disease. (A) Schematic illustration of the type of 
conformational change in a protein that produces material for a cross-beta filament. (B) Diagram illustrating 
the self-infectious nature of the protein aggregation that Is central to prion diseases. PrP is highly unusual 
because the misfolded version of the protein, called PrP*, Induces the nbrmat PrP protein it contacts* to 
change its conformation, as shown. Most of the human diseases caused by protein aggregation are caused by 
the overproduction of a variant protein that is especially prone to aggregation, but because this structure is 
not infectious in this y»y. it cannot spread from one animal to another (C) Drawing of a cross-beta filament, 
a common type of protease-resistant protein aggregate found in a variety of human neurolo^cal diseases. 
Because the liydrogen-bond interactions in a P sheet form between polypeptide bacldjone atoms (see Figure 
3-9), a number of different abnormally folded proteins can produce this structure. (D) One of several 
possible models for the conversion of Pri* to PrP*, showing the likely change of two a-helices Into four 
p-s^f^ds. Although the structure of the nonna! protein has been determined accurately, the structure of the 
infectious form is not yet Imown with certainty because the aggregation has prevented the use of standard 
structural techniques. (C, courtesy of Louise Serpell, adapted from M. Sunde et aL,J. Mo*. BioL 273:729^739, 
1 997; D, adapted from S.B. Prusiner. Trends Bioehem. So. 2i :482-487, 1996.) 

animals and humans. It can be dangerous to eat the tissues of animals that con- 
tain PrP*, as witnessed most recently by Hie spread of 6S£ (commonly referred 
to as the "mad cow disease") from cattle to humans in Great Britain. 

Fortunately, in the absence of PrP*, PrP is extraordinarily diflBcult to convert 
to its abnormal form. Although very few proteins have the potential to misfold 
into an infectious conformation, a similar transformation has been discovered 
to be the cause of an otherwise m^terious 'protein-only inheritance" observed 
in yeast cells. 

There Are Many Steps From DNA to Protein 

We have seen so far in this chapter that many different types of chemical reac- 
tions are required to produce a properly folded protein from the information 
contained in a gene (Figure 6-90). The final level of a properly folded protein in 
a ceU therefore depends upon the efficiency with v^iich each of the many steps 
is performed. 

We discuss in Chapter 7 that cells have the ability to change the levels of 
their proteins according to their needs. In principle, any or aU of the steps in Fig- 
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Figure 6-90 The production of a 
protein by a eucaryotic cell. The final 
level of each protein in a eucaryotic cell 
depends upon the efficiency of each step 
depicted. 
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ure 6-90) could be regulated by the cell for each individual protein. However, as 
we shall see in Chapter 7, the initiation of transcription is the most common 
point for a cell to regulate the expression of each of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene from being esqiressed is to 
block the very first-step— the transcription of its DNA sequence into an RNA 
molecule. 



Summary 

Ihe translation of the nucleotide sequence of an mRNA molecule into protein takes 
place in thecytoplasm on a large ribonucleoprotein assembly called a ribosome,The 
amino adds used for protein synthesis are first attached to a family of tRNA 
molecules, each of which recognizes, by complementary base-pair interactions, par- 
ticular sets of three nucleotides in the mRNA (codons). The sequence of nucleotides in 
the mRNA is then readfirom one end to the other in sets of three according to the 
genetic code. 

To initiate translation, a smaU ribosomal sid)unit binds to the mRNA molecule 
at a start codon (AUG) that is recognized by a unique initiator tRNA molecule, A 
large ribosomal submit binds to complete the ribosome and begin the elongation 
phase of protein synthesis. During this phase, aminoacyl tRNAs—each bearing a 
specific amino acid bind sequentially to the appropriate codon in mRNA by forming 
complementary basepairs with the tRNA anticodon. Bach amino acid is added to the 
C'terminal end of the growing polypeptide by means of a cycle of three sequential 
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Figure 7-5 Six steps at which 
eucaryotic gene expression can be 
controlled. Controls that operate at 
steps I through 5 are discussed ip this 
chapter. Step 6, the regulation of protein 
activit/, includes reversible activation or 
inactlvation by protein phosphorylation 
(discussed in Chapter 3) as v^ell as 
irreversible inactivation by proteolytic 
degradation (discussed in Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 

If differences among the various ceU types of an organism depend on the partic- 
ular genes that the ceUs express, at what level is the control of gene Kq)ression 
exercised? As we saw in the last chapter, there are many steps in the pathway 
leading from DNA to protein, and aU of them can in principle be regulated. Thus 
a cell can control the proteins it makes by (1) controlling when and how often a 
given gene is transcribed Ctrariscriptional control), (2) controlling how the RNA 
transcnpt is spliced or otherwise processed (RNA processing control), (3) 
selecting which completed mRNAs in the ceU nucleus are exported to the cytosol 
and determining where in the cytosol they are localized (RNA transport and 
localization control), (4) selecting which mRNAs in the cytoplasm are translated 
by nbosomes (translational control), (5) selectively destabilizing certain mRNA 
molecules in the cytoplasm (mRNA degradation control), or C6) selectively acti- 
vating, inactivating, degrading, or compartmentalizing specific protein 
molecules after they have been made (protein activity control) (Figure 7-5). 
^ For most genes transcriptional controls are paramount. This makes sense 

4 because, of all the possible control points illustrated in Figure 7-5, only tran- 
scriptional control ensures that the ceU wiU not synthesize superfluous interme- 
I diates. In the foUowing sections we discuss the DNA and protein components 
# that perform this function by regulating the initiation of gene transcription. We 
shaU return at the end of the chapter to the additional ways of reeulatins eene 
expression. ^ ^ ^ 

Summary 

The genome ofa ceU contains in its DNA sequence the information to make many 
thousands of different protein and PNA molecules. A cell typically expnsses only a 
fraction of its genes, and the Afferent types of cells in multicOlidar organisms arise 
b&Muse different sets of genes are expressed. Moreover, cells can change the pattern 
of genes Oiey express in response to changes in tiielr environment, such as signals 
Jnm othar cells. Al^ugh aU of the steps involved in expresslnga gene can in prin- 
aple be reflated, for most genes the Mtiation of RNA transcrtpOon is Oie most 
. important point of control 

DNA-BINDING MOTIFS IN GENE REGULATORY 
PROTEINS 

How does a ceU determine which of its thousands of genes to transcribe? As 
i ^^.'itionfid briefly in Chapters 4 and 6, the transcription of each gene is con- 
r ?°5 ^ * regulatory region of DNA relatively near the site where transcription 
^ negtas. Some regulatory regions are simple and act as switches that are thrown 
^oy a single signal. Many others are complex and act as tiny microprocessors 
^.reqjonding to a variety of signals that they interpret and integrate to switch the 
|neigfaboring gene on or off. Whether complex or simple, these switching devices 
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occur in the germ line, the cell lineage that gives rise to spenn or eggs. Most of 
the DNA in vertebrate germ cells is inactive and highly methylated. Over long 
periods of evolutionary time, the methylated CG sequences in these inactive . 
regions have presumably been lost through spontaneous deamination events 
that were not properly repaired. However promoters of genes that remain active 
in the germ cell lineages {including most housekeeping genes) are kept 
tmmethylated, and therefore spontaneous deaminations of Cs that occur with- 
in them can be accurately repaired. Such regions are preserved in modern day 
vertebrate cells as CG islands. In addition, any mutation of a CG sequence in the 
genome that destroyed the function or regulation of a gene in the adult would be 
selected against, and some CG islands are simply the result of a higher than nor- 
mal density of critical CG sequences. 

The mammalian genome contains an estimated 20,000 CG islands. Most of 
the islands mark the 5' ends of transcription units and thus, presumably, of 
genes. The presence of CG islands often provides a convenient way of identify- 
ing genes in the DNA sequences of vertebrate genomes. 

Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many 
specialized animal cells can maintain their unique character through many cell 
division cycles and even when grown in culture, the gene regulatory mechanisms 
involved in creating rftem must be stable once established and heritable when the 
ceU divides. These features endow the cell ivUh a memory of its developmental history. 
Bacteria and yeasts provide unusually accessible model systems in which to study 
gene regulatory mechanisms. One such mechanism involves a competitive interac- 
tion between two gene regulatory proteins, each of which inhibits the synthesis of the 
other; this can create a flip-flop switch that switches a cell between two alternative 
patterns of gene expression. Director indirect positive feedback loops, which enable 
gene regulatory proteins to perpetuate their own synthesis, provide a general mech- 
anism for cell memory. Negative feedback loops with programmed delays form the 
basisfor cellular clocks. 

In eucaryotes the transcription of a gene is generally controlled by combinations 
of gene r^^tory proteins. It is thought that each type of cell in a higher eucaryotic 
organism contains a specific combination of gene regulatory proteins that ensures 
the expression of only those genes appropriate to that type of cell A gii/e/i gene regu- 
latory protein may be active in a variety of circumstances and typicaUy is involved 
in the regulation of many genes. ' 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also used by eucaryotic cells to regulate gene expression. An espe- 
cially dramatic case is the inactivation of an entire X chromosome in female mam- 
mals. In vertebrates DNA methylation also functions in gene regulation, being used 
mainly as a device to reinforce decisions about gene expression that are made ini- 
tially by other mechanisms. DNA methylation also underlies the phenomenon of 
genomic imprinting in mammals, in which the expression of a gene depends on 
whether it was inherited from me mother or the faihen 
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Figure 7«^6 A mechanism to explain 
both the marked overall deficiency 
of CG sequences and their clustering 
into CG islands in .vertebrate 
genomes* A black tme marks the location 
of a CG dinucleotlde in the DNA 
sequence, while a red "lollipop" indicates 
the presence of a methyl group on the 
CG dinucleotide. CG sequences that lie in 
regulatory sequences of genes that are 
transcribed in germ cells are unmethylated 
and therefore tend to be retained In 
evolution. Methylated CG sequences, on 
the o)her hand, tend to be lost through 
deamlnadon of 5-methyl C toT. unless the 
CG sequence is critical for survival. 



POSTTRANSCRIPTIONAL CONTROLS 

In principle, every step required for the process of gene expression could be 
controlled. Indeed, one can find examples of each type of regulation, although 
any one gene is likely to use only a few of them. Controls on the initiation of 
gene transcription are the predominant form of regulation for most genes. But 
other controls can act later in the pathway from DNA to protein to modulate 
the amount of gene product that is made. Although these posttranscriptional 
controls, which operate after RNA polymerase has bound to the gene's promoter 
and begun RNA synthesis, are less common than transcriptional control for 
many genes they are crucial. 
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CHAPTER 29 
Regulation of transcription 



TJif piienoiyplc diirwences iJ>ai iliMnigLuish ihe 
venous kimis of <f lis \\\ »i lUjrlif r tutnrywte are 
jar^^'y ^0' <<ifrercrnrt?s ill the expression of 
grnes iljor code fnr pr<»ieins. tlini is. those Iran- 
ti^HUed hy RNA polyjnerase II. In principle. Uie 
expression of Chese laiirht lie re^ulaled ai 

artv one of several slaves. Tl)e conrepi of ihe 
itvrl of conlror implies tlint gene expression 
IS nol necessarily an aiKcmtaiic process oner it 
has be^ii. Il could be regulated in a gene- 
specific uav al any one c^f several sequeiilfal 
steps. We can clislin^ uisli <ai leaM) five poteii^ 
lial coiural poliiis, fonnltig ilte series: 

Aclivalinii of ^eiu* sirumtiv 
i 

Initialion of transmpiinn 
i 

PiDcessing ilie ir;iii.<ri*ipc 
i 

ti^nsport, 10 cvropliisfii 
i 

TianMtilitm of niHNA 

Tl»e cvKslrnce of the firsi -slep is inijilied hv 
Ihe discovery Ihat geiies uiuy exisi In eiiher of 
uv<i slrticliirnl comlilioiw. Helniive (i> iht stale 
tif most of the geiKMiie. jicnes are Foimd in 
an '-nclive* Male in the i-ells in utuiMj ihey 
aiv expressed (see Chapter 2Tj. The citange of 
sirutiure 1$ distinct tmxw ihe an oT iranscrip* 
Hon, and mdicates (hat ihe gene is Iransciilh 
able.- This suggests that acquisition of Ihe 
-active' structure musl be ibe first step in gene 
expression. 

Tmnscripiion of a gene In the active stale Is 



controlled «1 ihe sl«i:e of initialion. lhai is. hy 
the interaction of RNA polymetiise with its pro- 
moter. ITils Is now becoming susceptible to 
analysis In the //; r/Vm ss-ste.ins (see Chapter 
i>H}. For mosi genes, this \k a uialor comml 
pohH; probably it is the most cuninion level of 
regnlaUnn. 

There is at present «o e\ideiice for controi 
at $ubse<)ueni stages of transcription in eiil:ary^ 
otic cells* Tor example. \ti antilernilnalion 
mechanisms. 

The priniarx- transcript li nibdihed by capping 
at the 5* end, and usnally a?so by polyadenyla- 
lion at the r end. Imrons must \\t spliced out 
froin the iransvrlpis of inicirnpied genes. The 
molure /V\A must l»c exported rioin the nucleus 
to Hie c\to|jlaMn. Repilaiiiui of *ene expression 
hy selection of sequences at the Icvef of nuclear 
a\A nii^ht cnvnhv any o^ all of. these stages, 
btit the one Tor whldi ne have most evidence 
concerns rhange.c hi spUcinpi $oiiie genes are 
e3(prv.^sed by means of ulieniative »pttcin& put- 
terns whtise i^g^ulutiop CiMilcois Ihe type of pro- 
tein protlurl (see Chapter .^o). 

Finally, the irnnslailon ofnn mK\A In the c>io- 
plnsm can be specincally controlled. There f$ little 
evidence for Ihe employment of this mechanism in 
adtilt somatic cells* but it doe.s occur in some 
enil)r>nnir siliiHtions. as descnliea ii) Clwpicr 7. 
-Tlie mechanism is presimmd to involve the block- 
ing Of Inlilfttlon of Irnnsiaiipii of some mflNAs by 
specific protein factors. 

But having acknoniedged that control of gene 
expression can occur ai m'uluple stages, and 
that production of ANA cannot inevitably be 
equaled vtith produaion of protein, it Is dear 
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thai iht ovenvhelming majority of re^Iatoiy 
. events occur at ihe initiation of iranscription. 
Reguialion uf tissue-specific gene trdnscripUbn 
lies at the heart of cukar>oUc difFerenliatlon; 
indeed, we see examples in Chapter 38 in 
whicli prole Ins Uui regulate embrj onic dcvcl- 
opmeni prove to be transcription factors. A reg- 
ulatoor transcription factor serves to provide 



common control of a large number of largd 
genes, and we seek to answer two questions 
about this mode of reguialion: what identifies 
Ihe common target genes to the transcription 
Tactor; and how is the activity of the irnnscrip- 
h'on factor itself regulated in response to iruiin- 
sie or extrinsic stgnnls? 



Response elements idcnlify genes under common 
regulation 



The principle that emerges from characterizing 
groups of genes under comnion tronlrol is that 
they share a pivmoier tlmeni that is recognized 
a regiiiaioo' iransaiption factor. An clement 
that causes a gene to respond id such a factor 
is called a response element; examples are the 
HSE (heal shock response element), ORE 
(glucocorticoid response element), SRE (scrum 
response element). 

The properties of some inducible transcription 
factors and Ihe elements that Uiey recognize are 
summarized in. Table 29.1, Response elements 
have the same general characterisilcs as 
upstream elements of promoters or enhancers. 
They contain short consensus sequences, and 
copies of the response elements found in dif- 
ferent genes are closely related, but not neces> 
sarily identical. The region bound by the factor 
extends for- a short distance on cither side of 



Table 29.1 frducitjle transcr.pi.or; /acicrs bind ic 
response elumenls lhal Idcnt.fy g.'cups cl pomclers 
Of cnhuncsrE subject Ja coc;din<i!G cor.tfol. 



nagidaiofy Agent Moduta Consensus 



Factor 
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the consensus sequence. In promoters. Ihe elf- 
ments are not p^^eseilt at fixed distances from 
the siartpoint, but are usually <200 bp up&Urcam 
of it. The presence of a single element usuaU.'^ 
Is sudlcient to confer the regulatoiy response, 
but sometimes there are muhipte copies. 

Response elements may be located in p*^ 
meters or In enhancers. Some types of elcmcntJ 
are typically found in one rather than the othrr. 
usuaUy an HSE is found In a promoter, while J 
ORE is found in an enhancer. We asstinte lh»' 
all response elements function by the sani^ 
general principle, A gene is regulated ^ 
sequence at the promoter or enhancer thai |^ 
recognized by a specific protein. The pr^^^'^ 
Junctions as a iransaiption factor needed fi^ 
RNA potytnerase to initiate.' Active protein 
avaiiakle only under conditions when the ^ 
to be expressed; its absence means that the P^*^ 
mater is not aeiivaied by this particufor 

An example of a situation in which n'-^'^- 
genes are conUolled by a single fador Is 
rided by the heat shock response. This 
mon to a wide range of prokaiyotes 
eukarj'otes and involves multiple coniro*^ 
gene expression; an increase in lempe^^^j, 
turns off transcription of some genes, i"'"* 
transcription of the heat shock gene5t f^^ 
causes changes in the translation of 
The control of the heat shock genes 
the differences between *prokaiyoi»<^ 
eukaryotic modes of control in bacicriai ^ %\ 
Sigma factor is synthesized that dirccis 
polymerase holoenzyme to recognizt: ^ 
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Abstract 



Background: Prostate stem cell antigen (PSCA) Is a recently defined ho mologue of the Thy.t/Ly.6 family of 
glycosylphosphaudylinositol (GPI)-anchored cell surface antigens. The purpose of the presen sLdy^s to 

and to validate it as a potential molecular tai^et for diagnosis and treatment of Pea. ' 
Materials and Methods: Immonohistochemical (IHC) and in situ hybridization (ISH) analyses of PSCA 
ISlTlO^rZ: ^r'^'T' - P-«'"-''««'<»ed sec^onJ from 20 beS n UsS^c VpeS 

indii'nH r '"^^P'*t'!' """"^ ""^ ^ C^) tissues including 9 androgen- 

.ndependentprosute cancers. The level of PSCA expression was semiquantitadvely scored by assessing boJ. the 

S!i » T ' «rrelations of PSCA expression level wIA pathological gnide. 

clinical stage and progression to androgen-independence in Pea. "ff^^ar graoe. 

ResultK In BPH and low gnide PIN. PSCA protein and mRNA staining were weak or negative and less intense 
and unrform Aan that seen in HGPIN and Pea. There were moderate to strong PSCA protein and mRNA 

v^th statistical significance compared with BPH (20%) and low grade PIN (22.2%) samples (p < 0.05. respectivdy) 
oeiween r:>c.A protein and mRNA overexpression. 

humTn^pir P.?!'" «CA as a new cell surface marlcer is overexpressed by a majority of 
iZLi«i ^ 1. "^T^"^ ^'"^'^^ chancteristics. such as in reasing 

pathological grade (poor cell differentiation), worsening clinical stage and androgen-independence and 

TpS^; mj:r.^Sr" overexpression results from up^egulated ^^n^rrip^^J 

treaoSl,t jf Pet ""^ Prognostic utility and may be a promising molecular target for diagnosis and 
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Introduction 

Prostate cancer (Pea) is the second leading cause of can- 
cer-related death in American men and is becoming a 
common cancer increasing in China, Despite recently 
great progress in the diagnosis and management of local- 
ized disease, there continues to be a need for new diagnos- 
tic marlcers that can accurately discriminate between 
indolent and aggressive variants of Pea. There also contin- 
ues to be a need for the identification and characterization 
of potential new therapeutic targets on Pea cells. Current 
diagnostic and therapeutic modalities for recurrent and 
metastatic Pea have been limited by a lack of specific tar- 
get antigens of Pea. 

Although a number of prostate-specific genes have been 
identified (i.e. prostate specific antigen, prostatic acid 
phosphatase, glandular kallikrein 2), the majority of these 
are secreted proteins not ideally suited for many immuno- 
logical strategies. So, die identification of new cell surface 
antigens is critical to the development of new diagnostic 
and therapeutic approaches to the management of Pea. 

Reiter RE et al (IJ reported the identification of prostate 
stem cell antigen (PSCA), a cell surface antigen that is pre- 
dominantly prostate specific. The PSCA gene encodes a 
123 amino acid glycoprotein, with 30% homology to 
stem cell antigen 2 (Sea 2). Like Sca-2, PSCA also belongs 
to a member of thcThy-l/Ly-6 family and is anchored by 
a glycosylphosphatidylinositol (GPI) linkage, mRNA in 
situ hybridization (ISH) localized PSCA expression in nor- 
mal prostate to the basal ceil epithelium, the putative 
stem cell compartment of prostatic epithelium, suggesting 
that PSCA may be a marker of prostate stem/progenitor 
cells. 

In order to examine the status of PSCA protein and mRNA 
expression in human Pea and validate it as a potential 
diagnostic and therapeutic target for Pea, we used immu- 
nohistochemistry (IHC) and in situ hybridization (ISH) 
simultaneously, and conducted PSCA protein and mRNA 
expression analyses in paraffin-embedded tissue speci- 
mens of benign prostatic hyperplasia (BPH, n = 20), pros- 
tate intraepithelial neoplasm (PIN, n = 20) and prostate 
cancer (Pea, n = 48). Furthermore, we evaluated the possi- 
ble correladon of PSCA expression level with Pea tumori- 
genesis, grade, stage and progression to androgcn- 
independence. 

Materials and methods 

Tissue samples 

All of the clinical tissue specimens studied herein were 
obtained from 80 patients of 57-84 years old by prostate- 
ctomy, transurethral resection of prostate (TURP) or biop- 
sies. The patients were classified as 20 cases of BPH, 20 
cases of PIN, 40 cases of primary Pea, Including 9 padents 



with recurrent Pea and a history of androgen ablation 
therapy (orchiectomy and/or hormonal dierapy), who 
were referred to as androgen-independent prostate can- 
cers. Eight specimens were harvested from these andro- 
gen-independent Pea patients prior to androgen ablation 
treatment. Each tissue sample was cut into two parts, one 
was fixed in 10% formalin for IHC and the other treated 
widi 4% paraformaldehyde/0.1 M PBS PH 7.4 in 0.1% 
DEPC for 1 h for ISH analysis, and then embedded in par- 
affin. Ail paraffin blocks examined were then cut into 5 
\xm sections and mounted on the glass slides specific for 
IHC and ISH respeaively in the usual feshion. H&E- 
stained section of each Pea was evaluated and assigned a 
Gleason score by the experienced urological pathologist at 
our institution based on the criteria of Gleason score |2]. 
The Gleason sums are summarized in Table 1. Clinical 
staging was performed according to Jcwett-whitmorc- 
proul staging system, as shown in Table 2. In the category 
of PIN, we graded the specimens into two groups, i.e. low 
grade PIN (grade I - II) and high grade PIN (HGPIN. 
grade III) on the basis of literatures |3,4). 

tmmunohistochemicat (IHC) analysis 
Briefly, tissue sections were deparaffinized, dehydrated, 
and subjected to microwaving in 10 mmol/L ciuate 
buffer, PH 6.0 (Boshide, Wuhan, China) in a 900 W oven 
for 5 min to induce epitope retrieval. Slides were allowed 
to cool at room temperature for 30 min. A primary mouse 
antibody specific to human PSCA (Boshide, Wuhan, 
China) with a 1: 100 dilution was applied to incubate with 
the slides at room temperature for 2 h. Labeling was 
detected by sequentially adding bioiinylated secondary 
antibodies and strepavidin-peroxidase, and localized 
using 3,3'-diaminoben2idine reaction. Sections were then 
counterstained with hematoxylin. Subsutution of the pri- 
mary antibody with phosphate-bufifered-salinc (PBS) 
served as a negative-staining control. 

mRNA In situ hybridization (ISH) 

Five-^m-thick tissue seaions were deparaffinized and 
dehydrated, then digested in pepsin solution (4 mg/ml in 
3% ciu-ic acid) for 20 min at 37.5 "C, and further proc- 
essed for ISH. Digoxigenin-labeled sense and aniisense 
human PSCA RNA probes (obtained from Boshide, 
Wuhan, China) were hybridized to the sections at 48*C 
overnight. The posdiybridizaUon wash with a high strin- 
gency was performed sequentially at 37*»C in 2 x standard 
saline citrate (SSC) for 10 min, in 0.5 « SSC for 15 min 
and in 0.2 x SSC for 30 min. The slides were then incu- 
bated to biotinylated mouse anii-digoxigcnin antibody at 
37.5 •€ for 1 h followed by washing in 1 * PBS for 20 min 
at room temperature, and then to strepavidin-peroxidase 
ai37,5«Cfor20 min followed by washing in 1 x PBS for 
15 min at room temperature. Subsequently, the slides 
were developed widi diaminobenzldine and then coun- 
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Intensity ^ frequency 



Gleason score 9 (%) 

t! 5(83) ,(,7) 

^'^ S{28) ,3 (72) 



Table 2: Correlation of PSCA expression with clinical stage 







Intensity ^ frequency 




Tumor stage 






9(%) 




27 (67.S) 
2(25) 




13(32.5) 
6(75) 





terstained with hematoxylin to localize the hybridization 
signals. Sections hybridized with the sense control probes 
routinely did not show any specific hybridization signal 
above background. Ail slides were hybridized with PBS to 
substitute for the probes as a negative control. 

Scoring methods 

To determine the correlation between the results of PSCA 
immunostaining and mRNA in situ hybridization, the 
same scoring manners are taken in the present study for 
PSCA protein staining by IHC and PSCA mRNA staining 
by ISH. Each slide was read and scored by two independ- 
endy experienced urological pathologists using Olympus 
BX-41 light miaoscopes. The evaluation was done in a 
blinded fashion. For each section, five areas of similar 
grade were analyzed semiquantitatively for the fraction of 
cells staining. Fifty percent of specimens were randomly 
chosen and rescored to determine the degree of interob- 
server and intraobserver concordance. There was greater 
than 95% intra- and interobscrver agreement. 

The intensity of PSCA expression evaluated microscopi- 
cally was graded on a scale of 0 to 3+ with 3 being the 
highest expression observed (0. no staining; 1+, mildly 
intense; 2+, moderately intense; 3+, severely Intense). The 
staining density was quantified as the percentage of cells 
staining positive for PSCA with the primary antibody or 
hybridization probe, as follows: 0 = no staining; 1 = posi- 
tive staining in <25% of the sample; 2 = positive staining 
in 25%-50o^ of the sample; 3 = positive staining in >50% 



of the sample. Intensity score (0 to 3+) was multiplied by 
the density score (0-3) to give an overall score of 0-9 
[1,5]. In this way, we were able to differentiate specimens 
that may have had focal areas of increased staining from 
those that had diffuse areas of increased staining [6]. The 
overall score for each specimen was then categorically 
assigned to one of the following groups: 0 score, negative 
expression; 1-2 scores, weak expression; 3-6 scores, mod- 
erate expression; 9 score, su-ong expression. 

Stotfstrca/ analysis 

Intensity and density of PSCA protein and mRNA expres- 
sion in BPH, PIN and Pea tissues were compared using the 
Chi-square and Student's t-test. Univariate associations 
between PSCA expression and Gleason score, clinical 
stage and progression to androgen- independence were 
calculated using Fisher's Exact Test. For all analyses, p < 
0.05 was considered statistically significant. 

Results 

PSCA expression In BPH 

In general, PSCA protein and mRNA were expressed 
weakly in individual samples of BPH. Some areas of 
prostate expressed weak levels (composite score 1-2), 
whereas other areas were completely negative (composite 
score 0). Four cases (20%) of BPH had moderate expres- 
sion of PSCA protein and mRNA (composite score 4-6) 
by IHC and ISH. In 2/20 (10%) BPH specimens, PSCA 
mRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 
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2) in one and negative (composite score 0) in the other. 
PSCA expression was iocaJized to the basal and secretory 
epithelial cells, and prostatic stroma was almost negative 
staining for PSCA protein and mRNA in all cases 
examined. 

PSCA expression in PIN 

In this study, we deterted weak or negaUve expression of 
PSCA protein and mRNA (^2 scores) in 7 of 9 (77.8%) 
low grade PIN and in 2 of 1 1 (18.2%) HGPIN, and mod- 
erate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of 11 (45.5%) HGPIN. One HGPIN with moderate 
PSCA mRNA expression (6 score) was found weak suin- 
ing for PSCA protein (2 score) by IHC. Strong PjSCA pro- 
tein and mRNA expression (9 score) were detected in the 
remaining 3 of 11 (27.3%) HGPIN. There was a statisti- 
cally significant difference of PSCA protein and mRNA 
expression levels observed between HGPIN and BPH (p < 
0.05), but no statistical difference reached between low 
grade PIN and BPH (p > 0.05). 

PSCA expression In Pea 

In order to determine if PSCA protein and mRNA can be 
detected in prostate cancers and if PSCA expression levels 
are increased in malignant compared with benign glands. 
Forty-eight paraffin-embedded Pea specimens were ana- 
lysed by IHC and ISH. It was shown that 19 of 48 (39.6%) 
Pea samples stained very strongly for PSCA protein and 
mRNA with a score of 9 and another 21 (43.8%) speci- 
mens displayed moderate staining with scores of 4-6 (Fig- 
ure 1). In addition, 4 spedmens with moderate to strong 
PSCA mRNA expression (scores of 4-9) had weak protein 
staining (a score of 2) by IHC analyses. Overall, Pea 
expressed a significantly higher level of PSCA protein and 
mRNA than any other specimen category in this study (p 
< 0.05, compared with BPH and PIN respeaively). The 
result demonstrates that PSCA protein and mRNA are 
overexpressed by a majority of human Pea. 

Correlation of PSCA expression with Gieason score in Pea 
Using the semi-quantitaUve scoring method as described 
in Materials and Methods, we compared the expression 
level of PSCA protein and mRNA with Gleason grade of 
Pea, as shown in Table l. Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores = well -differentia- 
tion, 5-7 scores = moderate-differentiation and 8-10 
scores = poor-differentiation (7j. Seventy-two percent of 
Gleason scores 8-10 prostate cancers had very strong 
staining of PSCA compared to 21% with Gleason scores 
5-7 and 17% with 2-4 respectively, demonstrating that 
poorly differentiated Pea had significantly stronger 
expression of PSCA protein and mRNA than moderately 
and well differentiated tumors (p < 0.05). As depicted in 
Figure 1, IHC and ISH analyses showed that PSCA protein 
and mRNA expression in several cases of poorly differen- 



tiated Pea were particularly prominent, with more intense 
and uniform staining. The results indicate that PSCA 
expression increases significantly with higher tumor grade 
in human Pea. 

Correlation of PSCA expression with clinical stage in Pea 
With regards to PSCA expression in every stage of Pea, we 
showed the results in Table 2. Seventy-five percent of 
locally advanced and node positive cancers (i.e. C-D 
stages) expressed statistically high levels of PSCA versus 
32.5% that were organ confined (i.e. A-B stages) (p < 
0.05). The data demonstrate that PSCA expression 
increases significantly with advanced tumor stage in 
human Pea. 

Correlation of PSCA expression with androgen- 
independent progression of Pea 

All 9 specimens of androgen-independent prostate can- 
cers stained positive for PSCA protein and mRNA. Eight 
specimens were obtained from patients managed prior to 
androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the 
strongest staining category (score = 9), compared whh 
three out of eight (37.5%) of patients with androgen- 
dependent cancers (p < 0.05). The results demonstrate 
that PSCA expression increases significantly with progres- 
sion to androgen-independence of human Pea. 

It is evident from the results above that within a majority 
of human prostate cancers the level of PSCA protein and 
mRNA expression correlates significantly with increasing 
grade, worsening stage and progression to androgen-inde- 
pendence. 

Correlation of PSCA immunostainlng and mRNA in situ 
hybridization 

In all 88 specimens surveyed herein, we compared the 
resiilis of PSCA IHC staining with mRNA ISH analysis. 
Positive staining areas and its intensity and density scores 
evaluated by IHC were identical to those seen by ISH in 79 
of 88 (89.8%) spedmens (18/20 BPH, 19/20 PIN and 42/ 
48 Pea respectively). Importantly, 27/27 samples with 
PSCA mRNA composite scores of 0-2, 32/36 samples 
with scores of 3-6 and 22/24 samples with a score of 9 
also had PSCA protein expression scores of 0-2, 3-6 and 
9 respectively. However, in 5 samples with PSCA mRNA 
overall scores of 3-6 and in 2 with scores of 9 there were 
less or negative PSCA protein expression (i.e. scores of 0- 
4), suggesting that this may reflect posttranscriptional 
modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data 
demonstrate that the results of PSCA immunostaining 
were consistent with diose of mRNA ISH analysis, show- 
ing a high degree of correlation between PSCA protein 
and mRNA expression. 
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Figure t 
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Discussion 

PSCA is homologous to a group of cell surface proteins 
that mark the earliest phase of hematopoietic develop- 
ment. PSCA mRNA expression is prostate-specific in nor- 
mal male tissues and is highly up-regulated in both 
androgen-dependeni and-independeni Pea xenografts 
(L\PC-4 tumors). We hypothesize that PSCA may play a 
role in Pea tumorigenesis and progression, and may serve 
as a target for Pea diagnosis and treatment. In this study, 
IHC and ISH showed that in general there were weak or 
absent PSCA protein and mRNA expression in BPH and 
low grade PIN tissues. However, PSCA protein and mRNA 
are widely expressed in HGPIN, the putative precursor of 
invasive Pea, suggesting that up-regulaUon of PSCA is an 
early event in prostate carcinogenesis. Recently, Reiter RE 
eial [1], using ISH analysis, reported that 97 of 1 18 (82%) 
HGPIN specimens stained strongly positive for PSCA 
mRNA. A very similar finding was seen on mouse PSCA 
(mPSCA) expression in mouse HGPIN tissues by Tran C. 
P ct al (81. These data suggest that PSCA may be a new 
maricer associated with transformation of prostate eells 
and tumorigenesis. 

We observed that PSCA protein and mRNA are highly 
expressed in a large percentage of human prostate cancers, 
including advanced, poorly differentiated, androgen- 
independent and metastatic cases. Fluorescence-activated 
cell sorting and confocai/ immunofluorescent studies 
demonstrated cell surface expression of PSCA protein in 
Pea cells [9). Our IHC expression analysis of PSCA shows 
not only cell surface but also apparent cytoplasmic stain- 
ing of PSCA protein in Pea specimens (Figure 1). One pos- 
sible explanation for this is that anti-PSCA antibody can 
recognize PSCA peptide precursors that reside in the cyto- 
plasm. Also, it is possible that the positive staining that 
appears in the cytoplasm is aaually from the overlying 
cell membrane (5 J. These data seem to indicate that PSCA 
is a novel cell surface marker for human Pea. 

Our results show that elevated level of PSCA expression 
correlates with high grade (i.e. poor differentiation), 
increased tumor stage and progression to androgen-inde- 
pendenee of Pea. These findings support the original IHC 
analyses by Gu Z et al (9), who reported that PSCA protein 
expressed in 94% of primary Pea and the intensity of 
PSCA protein expression increased with tumor grade, 
stage and progression to androgcn-independence. Our 
results also collaborate the recent work of Han KR et al 
1 10), in which the significant association between high 
PSCA expression and adverse prognostic features such as 
high Gleason score, seminal vesicle invasion and capsular 
involvement in Pea was found. It is suggested that PSCA 
overexpression may be an adverse predictor for recur- 
rence, clinical progression or survival of Pea. Hara H ci al 
(111 used RT-PCR detection of PSA, PSMA and PSCA in 1 



ml of peripheral blood to evaluate Pea patients with poor 
prognosis. The results showed that among 58 PCa 
patients, each PGR indicated die prognostic value in the 
hierarchy of PSCA>PSA>PSMA RT-PCR, and extraprostatic 
cases with positive PSCA PGR indicated lower discase-pro- 
gression-free survival than those with negative PSCA PGR, 
demonstrating that PSCA can be used as a prognostic fac- 
tor. Dubey P et al [12j reported that elevated numbers of 
PSCA + cells correlate positively with the onset and devel- 
opment of prostate carcinoma over a long time span in 
the prostates of the TRAMP and PTEN +/- models com- 
pared with its normal prostates. Taken together with our 
present finding?, in which PSCA is overexpressed from 
HGPIN to almost frank carcinoma, it is reasonable and 
possible to use increased PSCA expression level or 
Increased numbers of PSCA-positive cells in the prostate 
samples as a prognostic marker to predia the potential 
onset of this cancer. These data raise the possibility thai 
PSCA may have diagnostic utility or clinical prognostic 
value in human Pea. 

The cause of PSCA overexpression in Pea is not known. 
One possible mechanism is that it may result from PSCA 
gene amplification. In humans, PSCA is located on chro- 
mosome 8q24.2 (1], which is often amplified in meta- 
static and recurrent Pea and considered to indicate a poor 
prognosis [13-15]. Interestingly, PSCA is in close proxim- 
ity to the c-myc oncogene, which is amplified in >20% of 
recurrent and metastatic prostate cancers [16,17]. Reiter 
RE et al 1 1 8 1 reported that PSCA and MYC gene copy num- 
bers were co-amplified in 25% of tumors (five out of 
twenty), demonstrating that PSCA overexpression is asso- 
ciated with PSCA and MYC coamplifieation in Pea. Gu Z 
et a! |9] recently reporteted that in 102 specimens availa- 
ble to compare the results of PSCA immunosiaining with 
their previous mRNA ISH analysis, 92 (90.2%) had iden- 
tically positive areas of PSCA protein and mRNA expres- 
sion. Taken together with our findings, in which we 
detected moderate to strong expression of PSCA protein 
and mRNA in 34 of 40 (85%) Pea specimens examined 
simultaneously by IHC and ISH analyses, it is demon- 
strated that PSCA protein and mRNA overexpressed in 
human Pea, and that the increased protein level of PSCA 
was resulted from the upregulated transcription of its 
mRNA. 

At present, the regulation mechanisms of human PSCA 
expression and its biological function are yet to be eluci- 
dated. PSCA expression may be regulated by multiple fac- 
tors |18), WatabeTctal [19] reported that transcriptional 
control is a major component regulating PSCA expression 
levels. In addition, induction of PSCA expression may be 
regulated or mediated through cell-cell contact and pro- 
tein kinase C (PKC) 120]. Homologues of PSCA have 
diverse activities, and have themselves been involved in 
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carcinogenesis. Signalling through SCA-2 has been dem- 
onstrated to prevent apoptosis in immature thymocjrtes 
[21]. Thy-1 is involved in T cell activation and transducts 
signals through src-Uke tyrosine kinases [22], Ly-6 genes 
have been implicated both in tumorigenesis and in cell- 
cell adhesion (23-25). Cell-cell or cell-matrix interaaion is 
critical for local tumor growth and spread to distal sites. 
From its restricted expression in basal cells of normal 
prostate and its homology to SG\-2, PSCA may play a role 
in stem/progenitor cell function, such as self-renewal (i.e. 
anti-apoptosis) and/or proliferation [1]. Taken together 
with the results in the present study, we speculate that 
PSCA may play a role in tumorigenesis and clinical pro- 
gression of Pea through afFcaing cell iransfonnation and 
proliferation. From our results, it is also suggested that 
PSCA as a new cell surface antigen may have a number of 
potential uses in the diagnosis, therapy and clinical prog- 
nosis of human Pea. PSCA overexpression in prostate 
biopsies could be used to identify patients at high risk to 
develop recurrent or metastatic disease, and to discrimi- 
nate cancers from normal glands in prostatectomy sam- 
ples. Similarly, the detection of PSCA-overexpressing cells 
in bone marrow or peripheral blood may identify and pre- 
dict metastatic progression better than current assays, 
which identify only PSA-positive or PSKdA-positive pros- 
tate cells. 

In summary, we have shown in this study that PSCA pro- 
tein and mRNA are maintained in expression from 
HGPIN through all stages of Pea in a majority of cases, 
which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell dif- 
ferentiation), advanced stage and androgen-independent 
progression. PSCA protein overexpression is due to the 
upregulation of its mRNA transcription. The tesults sug- 
gest that PSCA may be a promising molecular marker for 
the clinical prognosis of human Pea and a valuable target 
for diagnosis and therapy of this tumor. 
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Abstract 

l^snslaflon Initiation is regulated In response to 
ffiilrlent Qwallabimy and mttogenio stimulation and Is 
coupled with ceD pyele progres^on and ceO gmwtli. 
Several afteraHons bi translatipnal control occur In 
cancer. Variant mRHA sequences can after the 

translatlonal efficfency of Incfividual mRNA molecules^ 
which in turn play a role In cancer blolegy. Changee In 
the expiesslon or avsAabW^ of components of the 
translattonai machinery and in the activation of 
tronstetfon flurough signsd transducfion pathways can 
lead to more giobd changes, such as an Inaease fri 
the overfil rate of prot^ ^nthesls end translational 
adhmtfon of the mRIM molecules Involved in cell 
growth and prollferallon. We mvlew the basic 
principles of translaiionai oontroi, the eHteiations 
encountered hi pmioer. arid sefecled therapies 
targetbig tran^ation Iniliallon to help elucidate new 
therapeutic avenues. 

introduction 

The iiindamaital principle of molecular therapeutics In can- 
cer Is to exploit the differences In gene expression between 
cancer cells and nonnal cells. With the advent of cDNA amy 
technology, most efforts have concentmted on Identifying 
differences In gene expression at the level of mRNA. which 
can be attributable either to DNA amplification or to differ- 
ences In transcription. Gene expression Is quite compncated, 
however, and Is also regulated at the level of mRNA stability, 
mR^fA translation, and protein stak>nity. • 

The power of translational regulation has been best rccog- 
nfeed among developmental biologists, because transcription 
does not occur h early embryogenesfe In eukaryoles. Rjr ex- 
ample In Xenopus, the period of transcriptionaJ quiescence 
continues unti tte embiyo reaches midblastula transition, the 
4000-cett staga Therefore^ ad necessary mRNA mdecutes are 
transcribed durftrjg oogenesis end stockpDed fn a translafenally 
Inactive, masked fbrnri. The mRNA are translationaDy activated 
at appropriate times during oocyte maturatton, ItertiilzaHon, and 



eariy embryogene^s and thus, are under strict transtertfonal 
ooittrol. 

Translation has an established role In cell growth. Basi- 
cally, an Increase hi protein synthesis occurs as a conso- 
quence of mftogenesis. Until recently, however, Ilttte was 
known about the alterations In mRNA translation In cancer, 
and much la yet to be discovered about their role In the 
development and progression of cancer. Here we review the 
baste principles of translational control, the afteratfons 
countered In cancer, and selected therapies targeting transla- 
tion lnltialk>n to duddate potential new therapeuQc avenues. 

Basic PrindiHea of Translational Control 
Mechanism of Transla^n InfUaUm 
Translation inWatton is the main step in translalk>nal leguIaHon. 
Translation Initiation bacomplex process in whteh the Inl^^ 
tflNA and the 40S and eos ribosomal subunKs are recnxited to 
the 5' end of a mRNA molecule and assembled by eukaryotic 
translatton Wtlalibn fedoiB into an SOS rft^^ 

codon ol the mfm (Fig. 1). The 5' end of eukaryotfc mRNA Is 
capped, /.a, contains the cap sinjcture m^GpppN (7-me»?yl- 
guanoslne^'phospho-5'-fib6nudeoslde). R/lost translation In 
eukaryotes occurs in a cap-dependent fashion. Aa, ttocap is 
spedflcafly recognfeed by the elF4l^^ whk*i b&Kls the 5' ca^^ 
The elF4F transtefon InHiation compile t$ then formed by the 
assembly of elF4E, the FINA heCcase eIF4A, and elF4Q, a 
scaffbWIng pfotefri that mediates ttio binding of the 40S ribo- 
sonial subunft to the mR^IA nxrfecule through interaclton virfft 
the eIF3 pnatein present on the 40S nTjosoma elF4A and elF4B 

partk:^e &i mefthg the secondary slaicture of the 5' UTR off 
the mRNA. The 43S InitlatkHi complex (40S/elF2/Mrt-tFtNA/ 
OTP oompleaO scans the mRNA in a 6'-»3' dfrectoi until it 
enooumers an AUG start oodon. This start codon Is then base- 
paired to the antlcodon of Initiator tRNA. fomilng the 48S Irttl- 
ation con^lex. The Inltialion factors are then displaced from the 
48S complex, and the 60S ribosome Joins to fbnn the 80S 
ribosoma 

Unlike most eukaryotic transiaBon, translation (nitiatbn of 
certain mRNAs, such as the r^oomavinjs RNA, is cap Inde- 
pendem and occurs by internal ribosome entry. TWs mecha- 
nism does not reqiAe elF4£ Bther the 43S cwnptex can bind 
the InlBatton codon dinectty through hteraction with the IRES In 
the 5 ' urn such as In the encephaJomyocarditis vims, or It can 
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JJ^^ S^" eukaiyotes. The 4E.BP8 are hyperphos- 
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scanning or tnansfer, as Is the case wfth the polloviais (1). 

ff^u^atfon of TraiwiMan IniUaUon 
Transffttton InWaUon Can ba regulated by alterations in the 
©cpiBsslon or phosphorylation status of the various factors 
mvpfved. Key components In transfetlonal regulation thai 
may provide potential therapeutic targets follow. 

eIRE elF4E plays a central role (n translation regulation. 
It is the least abundant of the initiation fectors and is con^ 
^dered the rate-llmftlng contponent for Initiation of cap- 
<tependem translation. eIF4E may also be Involved In mRfslA 
splicing, mRNA 3' processing, and mRNA nucfeocytoplas- 
mic transport (2). elF4E exprsssion can be Increased at the 
tensotptlonal level In response to serum or growth fectors 
P)- elF4E overexpresslon msy cause preferential translation 
oontolnlng excessive secondary structure In thef r 
5 ^ that are ricnrollydlscrinilnated against by the trans- 



latlonal machinery and thus are Inefficiently translated (4-7> 
As examples of this, overexprssslon of elF4E promotes in- 
creased translation of vascular endottiellal growth factor 
flbroWast growth fBctor-2, and cyclln Dl {2, 8, 9), 

Another mechanism of control is the regulation of eIF4E 
phosphorylation. elF4E phosphorylation ts mediated by 
mltogen-actf\fated protebi idnase-lnteracttng kinase 1, which 
Is activated by the mltogen-acUvated pathway activating 
extracellular signal-related Wnases and the stress-adhmteS 
pathway acting through p38 mitogen-actlvated protein la^ 
nase (10-13). Several mitogens, such as senim, platelet-: 
derived growth factor, epktomial growth factor, Insulin 
angiotensin II, src Idnase ov^xpresslon, and raa over- 
express lead to e!F4E phosphorylation (14). The phos- 
phorylation stahjs of elF4E ts usually con^aied wttti the 
translatlonai rate and growth status of the cell; however- 
elF4E phosphorylation has also bewi observed In response 
to some cellular stresses when translaUonal rates actually 
decrease (15). Thus, further study is needed to understand 
the effects of elF4E phosphorylation on elF4E activity. 

Another mechanism of regulation Is the alteration of elF4E 
avaltab% by the binding of elF4E to ttie elF4&bIndlng pro- 
teins (46-BP, also l<nown as PHAS-I). 4E-BP8 compete virfth 
elF4G for a binding site In elF4E. TTte binding of elF4E to the 
best charactertod elF4E.blndIng protein, 4E-BP1, Is regtH 
teted by 4E-BP1 phosphoiytellon. Nfypophosphorylated 4E- 
BP1 binds to eiF4^ whereas 4E.BP1 hyperphosphoiylalton 
decreases this binding, insulin, angiotensin, epidermal 
growth factor. plateiet-<lerived growth faclbr, hepatocyto 
growth factor, nerve grovirth factor, Insulln-like growth factors 
I and II, friterteuMn 3, ^ranulocyte-macrophfl^ colony-stim- 
ulating factor + steel factor, gastrin, and the adenovlnis have 
all been reported to Induce phosphorylation of 4E^P1 and 
to decrease the abl% of 4E-BP1 to bind eIF4E (15. 16) 
Conversely, d^srlvatlon of nutrients or growth factors results 
in 4E^BP1 dephosphorylatlon, an bicrease In elF4E binding 
Old a decrease In cap^ependent translation. 

pro SB Kinase. Phosphorylation of ribO8omal40S protein 
S8 by S6K Is thought to play an Important role In transiati(xiat 
regulation. S6K mouse einlHyoniccelte proliferate more 
slovirfy than do parental cells, demonstrating that S6K has a 
positive Influence on ceH proliferation (1 7). S6K regulates the 
traretetfon of a group of mRNAs possessing a 5' terminal 
ollgopyr&nklihe tract TOP) found at the 5' urn 
protein mRNAs and other mRNAs coding for components of 
«ie translattonal machhery. Rio^ioryl^ of S6K is regu- 
lated In part based on the availability of nutrients (1M^ and Is 
stimul«ed Iv several growth factors, such as plalelelKierh^ 
growth factor and InsuKn-llke growth faotor i {20). 

elF2a Phosphorylation. The binding of the Initiator tFlNA 
to the small rtbosomai unit is mediated by translatkm initia- 
tion factor eIF2, Phosphorylation of the c^buntt of e1F2 
prevents fbmwlion of the elFZ/QfrpyMel-tRMA complex and 
Inhibits global prot^ syntfnsis (21, ag. elF2a is j^ospho- 
ryiated under a variety of conditions, such as viral Infection, 
nutrient deprivaflon, h&m^ deprivation, and apoptosis 
efF2a Isphosphoryfatedby hemMBguIaled InhlbBor, nutrient- 
regulated protein kinase, and the iFTHhduoed, double, 
stranded RNA-acthoted protein kinase (PKH; Ref. 2^. 



The mTOR Signallns Pathw^. The macrollde antl Wotte 
rapamydn ^frallmu^ WVeth-Ayerrt Research, CollegeviHe, 
PA) has been the subject of Intensive study because it In- 
hibits sIgnaJ transduction pathways fnvotved In T-c^ actlva- 
tfon, rapamycln-senslttve component of these pathways 
is mTOR (also called FRAP or RAFTI). mTDR Is the mam- 
malian fiomologue of the yeast TOR prol^ that regulate 
progfBsslon and translation In lesponse to nutrient availabil- 
ity (2^ mTOR Is a serine-threonine idnase that mbdulales 
translation Initiation by artering the phosphorylation status of 
4E-BP1 and S6K (Rg. 2; Ref. 25). 

4MP1 is phosphwyfated on multiplenBsldues. mTOR phos- 
phoiytates the Thr-37 and Thr-46 iBsldues of 4BBP1 Ai v*D 
(26): h ow8v«; pho^hory!a»on at these sites b not associated 
with a loss <rf elF4E bMlng. Phosphocyfation of and 
Thr-46 Is required for subsequent pho^rfwryfaUon at several 
COOH^termlnal, serum-senslfive sftes; a connblnatlon of these 
phosphoiylation events appears to be needed to Inhibit the 
b!ndIngof4e-BP1 toelF4E(25),Theproductof the/^TAfgene, 

P3a/M$K1 pathway, and protein kinase Ccr also ptew a rote In 
4MP1 phosphotytertIon(27-2^. 

S6Kand4E-BP1 are also regulated, In part, by PI3K and Its 
down^eam protein kinase Akt PTEN Is a phosphatase that 
negatively regulates PI3K signaling. PTCN nuO cells have 
constltuthraly active of Akt, with Increased S6K activity and 
S6 phosphorylatton PO). SBK actiWly Is Inhibited both by 
PI3K InhlbftoiB wortnnannin and LY294002 and by mTOR 
Inhibftcs- rapamydn (24). AkI phosphorylates Ser^2448 In 
mTOR In vfl?o, and this site Is phosphor^ated upon Akt 
actfvatfen !n viyo p1-33). Thus, mTOR Is regulated by the 
PI3K/Akt pathway; however, this does riot appear to be ttie 
only mode of regulaUon of mTOR activity. Whether the PI3K 
pathway also regulates S6K and 4E-BP1 phosphorylatbn 
Independent of mTOR Is controversial. 

Interestingly. mTOR autophosphoryfaBon Is blocked by wort- 
mannln but not by rapannycin 43^ TWe seemSig Inoonslste^ 
suggests that mTOR-responshre regulatkm of 4e-BPl and S6K 
adfviV occurs through a mechanism other than Intrinste mTOR 

kinase actholy.An altemate pathway for 4&BP1 and S8K phos- 
phorylation by mTOR actK% Is by the Inhibition of a phospha- 
tase. Treatment with calyculln A, an Inhibttor of phosphatases 1 
and 2A, reduces rapamydn-lnduced dephosphorylatfon of 4E- 
BP1 and S6K by rapamydn (8^. PP2A Interacts with ftjil-length 
S6K but not wflh a S6K mutant that b resistant to dephosfrfK)- 
ryteUon resulting from rapamydn. mTOR phosphorylates PP2A 
b yhro\ however, how this process alters PP2A actlvay Is not 
known. These results are consistent with the model that phos- 
phorylation of a phosphatase by mTOR prevents dephospho- 
rylatlon of 4E-BP1 and S6K. and conversety, that nutrient dep- 
rtvalton and rapamydn bkidc InhlbWon of the phosphatase bv 
mTOR. ' 

PoVaderiylatlon. The pol^ tall In eukaryotic mRfM Is 
Important In enhancing translation lnitiatk>n and mRNA sta* 
bllity. Polyadenyfation plays a key rota In reguiaUng gene 
expression during oogenesis and early embiyogenesls. 
Some mRNA that are translattonally Inacthra In the oocyte are 
polyadenylated concomitantly with translatlonal activation In 
oocyte mahiratlon. whereas other mRNAs that are transla- 
tlonally active during oogenesis are deadenyfated and trans- 
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penally silenced (38-68). Thus, control of po!y(A) tan syn^ 
thesis Is an important regulatory step In gwe expression 

pie 5' cap and poIy(^ tail are thought to function synergls- 
tically to regulate mRNA translatk^nal efficiency (39, 40) 

RNA Packaging. Most RNA-blndIng prxiteins are ass'em- 
bled on a transcript at the time of tianscriptioh, thus deter- 
mining me translaHonal fate of the transcript (41). A highly 
consen/ed feirOly of Y-box proteins Is found In cytoplasmic 
messenger ribonucleoproteln particles, where ttie proteins 
are thought to play a rde In restricting the lecmitment of 
mRMA to the translatlonal machinery (41-43). TTio ma|or 
mRNA-assoclated protein, YB-1. destabilizes the Interaction 
of eIF4E and the 5' mRNAcap/n wtoo, and oveiwpresslon of 
YB-1 results In translationai repression In vM> (44). Thus, 
alterations in RIMA packaging can also play an Important role 
in translationai regulation. 

Translation AtteraOons Encountered in Cancer 

Three main alterations at the translaaonal level occur In cancer 
variations In mRNA sequences that Increase or decrease tians-^ 
iaiional efficiency, changes In the expression or avallabOlty of 
components of the translationai machinery, and activation of 
tnan^on through abenantly activated signal transduction 
pathways. The first afteration affWs the translallon of an 
vidual mRNA that may play a role In caidnogenesfe. The sec 
ond and third aRerattbns can Idad to more ^obal changes, such 

as an Increase In the oveiaa rate of FHoteIn synthesis, and the 
translationai activation of several mRNA spedes. 

VarlBUons In mRHA Sequenco 

Variations In mRNA sequence affect the translationai efll^ 

dency <rfttw transcript A brief description of these variations 
and examples of each mechanism follow. 

Mutations. Mutations In tiie mRNA sequence, especially 
hi tiie 5' UTR, can alter Its translationai efficiency, as seen In 
the fbfiowing examples. 
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o-mjftx Salto of a/, profxfeed that translation of ftilHengtti 
o-tm is repressed, whereas In sevml BuikHt lymphomas 
that havddeletlonsof the mRNAS' l/TR, translation diomyo 
fa mom effcten* (46). Moib PBcently. It was reported thai the 
5' \m of o^yc contains an IRES, and ^us c-myc transla- 
ft)n can l)e Inltfated by a cap-Independent as well as a 
capKJependent mechanism (48, 47). In patients with multiple 
myeloma, a C-*T mutation In the o-myc IF^ was identlfled 
(48) and found to cause an enhanced fnltiatfon of transfertion 
via Internal ribospmal entry (4^. 

BffCAf. AeomatIc point mutation (117 Q^C) In position 
-3 with respect to the start codon of the B/?G4T gene was 
Identified In a highly aggressive sporadic breast cancer pQ). 
Chlmertc constmcts consisting of the wild-type a- mutated 
MOAT 5' urn and adownstraam tuciferase reporter demr 

Cffistratedadecreasefriihetranslationalefiicien<^wmit^ 
UTR mutation. 

QyclBn-ilQpeffffeiif Khiase Inhamr 2A. Some Inherited 
melanoma Wndreds have a Q->T transversion at base -34 
of cycHrvdependent kinase lnhlbltor-2A, which encodes a 
cyclinKiependent kinase 4/cycIlnKlependent kinase 6 kinase 
Inhibitor Important In G, checkpoint reguSation {51). This 
mutatlon^glves rise to a novel AUG translation Init^ton 
codon, creating an upstream open reading frame that com- 
petes tor scanning ril)osonfies and decreases translafion 
from the wild-type AUa 

Altemale SpQdng and Altemate Transctipflon Start 
SItee. Afterattons In splicing and altemale transcriptJon sites 
can lead to variations h 5' UTR sequence, lengtti, and second- 
ary structure, uMrnately Impacting translatfonsd eHtei^^ 

ATM. The ATlVf gene has four nonooding exons In its 5' 
UTR that undergo extensive altemath^e spBcfng p2). Tire 
contents of 12 diffierent S' UTRs that show considerable 
diversity In length and sequence have been Identified. These 
divergent 5' leader sequences play an important rde In the 
transJatkxial regutetionof theATMgene. 

mrfm. In a subset of tumors, overaxpresston of the onco- 
protein mdm2 results In enhanced tianslatkMi of the mdm2 
mRNA. Use of different promoters teads to two mdm2 tran- 
scripts that difler only in their 5' lead^s (53). The longer 5' 
UTR contains two upstream open reading frames, and this 
mRNA is loaded with ribosomes Inefficientiy compared with 
the short 5' UTR. 

BR0A1. In a normal mammary gland, BBCA1 mRNA Is 
ejqjiessed with a shorter leader sequence ^'UTR^, whereas 
In sporadic breast cancer tissue, BBCAI mRNA is expressed 
with a longer leader sequence (5' UTRb); the translational 
efftetencyoftranscrtpts containing 5' UTRb Is 10 times lower 
than that of transcripts containing 6' UTRa p4), 

T^fi^ reF.p3mRNAihclude3a1,1-kbS'UrR,whteh 
exerts an Inhlbitoiy effect on translatioa Many human breast 
cancer oei nnes conlam a novel 7T3F-p3 transcript vwth a 5' 
UTR that Is 870 nucteotkfes shorter and has a 7-fbld greater 
translational efUdency than the nomtal mRNA 

Altemate Polyadenylation Site& Multiple polyadei^l- 
atlon signals leading to the generetfon of several transcripts 
with differing 3' UTR have been described for several mRNA 
2»cfes, such as the fffTptoto^ncogene Am gene 
(P2), tissue inhibitor pf metalloproteIna$es-3 P7), RHQ4 



proto-oncogene (6€f). and caimoduUn-l (69). Although tii^ 
effect of these altemate 3' UTRs on translation Is not yet 
known, they may be Important In RNA-j»oteln Interactions 
that affect franslatkinal recniitment The role of these alter- 
ations In cancer development and progression Is unknowrt. 

AKeiatfons In tho CwiponentB of fhe 
Ttonslaffoji Mashbwy 

Alterations In the componente of translation machinery can 
take many forms. 

Overexpressslon of 6IF4E. Overexpresslon of elF4E 
causes maHgnant transfomiaHon In rodent cells (BO) and tfie 
dwegulaflon of HeU ceU growtti (01). Polunovsky ef ai (62> 
found thai eIRE overexpresslon substitutes for semm and 
Individual growth factore In presenting vlabBlty of fibroblasts, 
which suggests that elF4Ecan mediate both proliferative anci 
survival signaling. 

Bevated levels of elF4E mRNA have been found In abroad 
spectnmi of transfbmied eel Ibies {63). eiF4E levels are 
elevated In all dusted cardnoma in sftu specimens and Inva- 
sive ductal carcinomas, compared with benign breast spec« 
imens evaluated vrfth Western blot analysis (64, 66). Prelim- 
inary stixiles si^est that this overaxpresslon Is attributaWo 
to gene ampfEficatton (66). 

There ara accumulating data suggesting thai elF4E owereK^ 
pre^w can be valuable as a prognostic mari(er. e!F4E oven- 
ei)q3res^ was found In arstro^iectNe st^ 

poor prognosis In stages I to in braast carcinoma (67). Verfflca^ 
Hon erf the prognostic value of elF4E In breast cancer Is now 
under w^ In a prospective trial (87). However, \s\ a diflerertt 
study, elRE expression was conelated wHh the ^gressSve 
behaNTOT of non4^odgkin's lymphomas (6Q. In a proepecUve 
analysis of patients with head and neckcancer, Novated lev^ 
of er4E in histologically tumors sui^cal margins predicted 
a slgnHicanrly kicreased risk of locaHegtonal lecunence p). 
These rasuRs aO suggest that efF4E overexpresslon can be 
used to select patients wlK> m^ benefft fhxn more aggressive 
systemic therapy. Rjrthemwre, the head and neck cancer data 
suggest that e{F4E overexpresslon Is a field defect and can be 
used to guide local thmpy. 

AKeraUons In Other initiation Factors. Alterations In a 
numbo' of ott»er initiation factors have been ^soclated with 
cancer. Overproduction of elF4Q, sintilar to elF4e, leads to 
malignant transfonnatlon In Wfro (69). elF-2o Is found In 
Increased levels In bronchloloalveolar cardnomaeof thelung 
(3). Initiation factor efF-4A1 is overexpressed In melanoma 
(7p) and hepatocellular carcinoma (71), The p40 subunit of 
translation initiation factor 3 Is ampllffed and overexpressed 
In breast and prostate cancer (72), and the elF3^l 1 o subunft 
Is overexpressed In testicular seminoma (73), The role that 
overexpresslon of these Initiation factore plays on the dev^- 
opment and progression of cancer, tfariy, Is not known. 

Overexpresslon of 86iC S6K 1$ amplified and highly 
ovonaxpressed In the MCF7 breast cancer cell line, com- 
pared with normal nrnrnmary eptthellum (74). In a study by 
Bartund ef af. (74). S6K was amplified In 59 of 668 prfmary 
breast tumors, and a statistically significant association was 
observed between ampll6cat!on and poor prognosis. 
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Overexpresslon of PAP. PAP catal/zes 3' po!y(A) ayn- 
ihesis. PAP Is overaxpressed In human cancer celte com- 
pared with nomial and vkalfy transfbnmed cdis (7^. PAP 
enzymalfeactfvUy In breast tumors has been conned with 
PAP proton leveb (7Q and. In mammary tumorcytosote, was 
found to be an Independent factor for predicting aun/lval (76). 
Uttle b known, however, about how PAP expression or ao- 
tiyiiy affects thotranatatlonal profile. 

Afleratlcms In RNA-Mndmg ProlBihs. Even (e^ 
about ailerafions In RNA padcag^ in cancer. Increased ex- 
pression anj nuclear k>call2atlon of the RNA^ 
Y&-1 am frKficators of a poor prognosis for bmast canc6r 
non-smae cea Jung carfcer (78), and ovarian c»K5er pQ. Ho^ 
aw, this elfect rnay be mediated at least in part at the te^^ 
transcrlptloabecausaYB-1 IhcreaseschemoiBslstancebyef^ 
handily the mensctiptlon of a multidrug resistance gene 

AcOvaUon of Signal TransducUon Pa^tways 
ActtvaBon of signal transduction pathways tsy loss of tumor 
suppressor genes or ovefe)q)iesslon of c 
can contribute to the growth and aggressiveness of tumors. An 
Importan^ mutant fai huinan cancers Is the tumor suppressor 
genoPlBV, whfc* leads to the acBvaHon of the PI3K/Akt 
w^. AcHvatton of PI3K and Akt Induces the oncogenic tians- 
fonnalfcsn of ctto«n embryo fibroblasts. Tliefransfb^ 
show constitutive phosphaylatfon of S6K and of 4E«»1 (^^ 
A mutant AW that retains Wnase actMty but does not phos- 
phofytet8iS6Kor4&BP1 does not transrbnnfibrot*Bts,wr*jh 
suggesls a conrelatton between the onoqgwiteay of PI3K and 
and the phosphoryteflon of S6K and -4&BP1 (81), 
Several tyro^no idnases such as platelet-derfved growth 
factor, fnsulIn-Oke growth f^or, HER2/neu, and epidemial 
growth factor receptor are overexpressed In cancer. Be- 
cause these kinases active downstream signal transduc- 
tion pathways known to alter translation inmafion, actlvatbn 
of translation Is llk^ to contribute to the growth and aggres* 
sWeness of these tumors. Furttiemnops, the mRNA for many 
of these Miiases themselves are under translattonal control. 
For ©(ample, HER2/neu mmA Is translattonally controlled 
both by a short upstream open reading frame that lepr^sses 
HER2^neu translation In a cell type-Ind^dent manner and 
by a distinct cell type-dependent mechanism that increases 
translatlonal efficiency »2). HERZAieu translation different 
in transfomned and normal cells. Thus, it Is possible that 
alterations at the translatlona] level can In part account for 
the discrepancy between HEfi2/rm gene ampllfteatton de- 
tected by fluorescence In sftu hybrtdlzatton and protein levels 
detected by Immunohlstochemlcal assays. 

TkwslaUon Targets of Selected Cancer Therapy 
Con^nents of the translatfon machinery and signal path- 
ways Invohred In «ie acth^n of trar^taton hWatton repre- 
sent good targets for cancer therapy. 

mgnalbig Paihway: Bapamyctn 

RapamycIn Inhibits the proliferation of lymjrfKwytes. It was 
InWaHy developed as an immunosuppressive dnig for organ 



transfrfantation. RapamycJn with FKBP 12 (FK506-bIndlnQ 
protein, 12,000) binds to mTOR to inhibit Its function. 

RapamycIn causes a small but significant reduction In the 
Initiatkm rate off protein ^^esls (8^. It blocks ceil growtti in 
part by blocking Sd i^hosphoiylatlQn and s^eetivety suc>- 

pressing the translaikHi of 5'TOPmRNAs. such as ribosomal 
proteins, and elongation factors ^85). RapamycIn also 
blocks 4&-BP1 phosphorylation and inhibits cap-dependent 
but not cap-Independent translatfon (1 7, 86). 

Tlie rapamydn-sensmve signal transductton pathwsy. acH- 
vated during malignant transformation and cancer profession, 
b now bdng studied as a targ^ tbr cancer thwafy (87), P«>s- 



leukenrtla are among the cancer lines most sensftfve to the 
rapamydn 8nak)gue CCI-779 (WyettvAyerst Research; Ref. 
87), In rhabdomycosarcomacea Bnes, rapamydn Is either cyio^ 
statk5 or cyloddal depending on the p53 status of the ceft p53 
wOd-iype cells treated wim raparivcin wiBsl h the ©1 pharo 
and nrialntain thelrvlabllrly, whereas p53 mulant 

latBlnQ, and undergo apoptosis (88.89), Inarecenlly reported 
study using human primitivB neuroeotodormal tumor and 
medull<A)fastoma mod^ rapamydn exhibited more cytotox- 
Idty in combinalfon wfth cl^>latln and camptothec^ 
single agent A) v#io, CCI-779 delayed growth erf x^iograte 
160% aflerl weekof therapy and240% afler2weekaAslngle 
h^h-dose admMsballlon caused a 3796 decrease h tumor 
vduina Growth Mbition vftip was IJS tbnes greater^ with 
cfeplafin In combination MrtthGCt-779 than wtrndspla^^ atone 
PO). Thus, preclinical studies suggest tfiat rapamydn anar- 
logues are usehd as single agents and \n combination with 
chenwttienapy. 

RapamycIn analogues CCI-779 and RAD001 (T^ovarUe 
Basel , Switzeriand) are now In din leal trials. Because off ttij 
known effect off rapamydn on lymphocyte proliferation, a 
potential prcWem with rapamydn analogues Is Immunc^p^ 
pres^on. However, although prolonged Immunosuppression 
can result from rapamydn and CCI-779 adminlst«ed on 
continuous-dose schedules, the Immunosu^wessive effects 
of rapamydn analogues resdve In -24 h after ttmny 
(91). The prindpal toxicities of CCr-779 have Induded der- 
matologfeal toxicity, myetosupprsssion, infection, mucositis, 
di^ea, reversible elevations In liver function tests, hyper' 
glycemla, hypokalemia, hypocalcemia, and depression (87 
92-94). Phase II trials of CCI>779 have been conducted In 
advanced renal cell cardnoma and In stage III/IV breast 
carcinoma patl^ who felted with prfcw chemotherapy. In 

the results reported In abstract fonn» althou^ there were no 
complete responses, partial responses w«e documented In 
both rend cell cardnoma and in breast cardnoma (94, 85). 
Thus. CCI-779 has documented prallmlnary dirtcal activity In 
a previously treated, unsdeded patient popuiaifon. 

Active Investigation Is under way Into patient sdectbn n>r 
mTOR Inhibitors. Several studies have found an enhanced 
efficacy of Ca-779 In PTENhiuII tumors (30, 96). Another 
study found that sbt of eight breast cancer cell lines were 
responsive to CCI-779, although only two of these lines 
lacked PTEN (97) There was, however, a positive correlation 
between Akt activation and CCI-779 SensftMty (97). TWs 
eon^^latkm suggests that acHvatkm of the PI3K-Akt pathw^ 
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regarcfless of whether tt Is attributablo to a PTEN mutation or 
to overexpresslon of receptor tyrosine kinases, makes caiv 
cer cell amenable to mTOFMIreded therapy. In contrast, 
lower levels of the target of mTOa 4E-BP1, are aseodated 
with rapamycln resistance; thus, a lower 4E-BP1/elF4E ratio 
may predict rapamydn resistance (98). 

Another mode of activity for rapamycln and Hs endues 
appears to be through Inhibition of angiogmsis. TWs activ- 
ity may be both tiirough direct bihlbltipn of endbtiieRal cell 
prollferatton as arasuh off mTOR Inhibition In these cells or by 
InWbWon of translatfon of such proanglogenlc fectora as 
vascular endothelial growm factor In tumor cells (99, 1 00). 

The anglogenesis Inhibitor tumstatin. anotfier anticancer 
ifnig cumwitly und^ study, was also found r^ntty to Inhibit 
translation In endotiteltal cells (101). Through a requisite In- 
teraction wfth inte£^ tumstatm Inhibits activation off tiie 
PKKiWct patimay and mTOR In endottienal cells and pre- 
vents dlssodafion of elF4E from 4E-BP1, tfiereby Inhibiting 
cap-dependent translatton. These findings suggest that en- 
dothelial cells are espedally sensitive to therapies targeting 
tile mTOR-slgnalIng pathway. 

r&r^g e!F2a: EPA, Chtrfmaxole^ mtfa-7, 

EPA Is an n-3 polyunsaturated fat^ add found In the fish- 
based diets of populations having a low Incidence of cancer 
(102). EPA Inhibits tite proliferaHon of cancer cells (103), as 
wen as In animal models (104. 105). It blocks cell division by 
inhibiting tran^on inWaJion (105). EPA releases Ca^* from 
Intracellular stores while Inhibiting their refining, thereby ac- 
tivating PKa PKR, In turn phosphorylates and inhibits e!F2a, 
resulting In the hWbftlon of protein syntfiesis at tiia level cf 
translation initiation. SWIarly, ctotrlmazole, a potent antipro- 
liferative agentfn W&o and In vfvo. Inhibits cefl growtti trough 
depletion of Ca?* stores, activation of PKR, and phospho- 
rylation of elF2a (1C»). Consequently, clotrimazole ptefeiw- 
tiaiiy decreases the expression of cycllns A, E. and D1 
resulting In blockage of the cen cycle In Q,. 

fncMT is a novel tumor suppressor ^ne being developed 
as a gene tfierapy agent Adenoviral' transfer of md^7 (Ad- 
mdaT) Induces apoptosis In many cancer cells Including 
breast, colorectal, and lung cancer (107-1 09). Ad-mda7 also 
Induces and activates PKR, which leads to phosphorylation 
of elF2a and Induction of apoptosis (110). 

FlavonoWs such as genlstein and quercetin suppress tu- 
mor cefi growth. AH three mammalian elF2o kinases, PKR 
hemeHregulated Inhibitor, and PERK/PEK, are activated by 
flavonoWs, wfth phosphorylation of elF^a and Inhibition of 
protein synthesis (111). 

ra/g^ff^MA and AnOsei^ RNA 

Anttsense exprasslon of elF4A decreases tiie proliferation rate 



skm of 4E^P1 Is proapoplottc and decreases tumof!genk% 
(113, 114). Reductton of elF4e antfeense RNA decreases 
soft agar giowtti. Increases tumor latency, and Increases ttie 
rates of tumor doubling times (?). Anttsense elF4E RNA troat- 



ment also reduces tiw expnesston of anglogente factors (1 1 a 

and has been proposed asapotential acfluvantttierapy for head 
and neck cancers, particidarlyvirfienelwatedell^ Is fc^ In 
sur^M marg&w. Small moJecUIe InWbita^ 
4&BP1-bInding domain of elF4E are proapoplotic (116) ana 
are also bebig actively pursued. 

ExpUMng Selecihf^ Thanatoton fbr Gene Therapy 

A different ttienapeuflc appmach tiral takes advantage of tfiQ 
enhanced cap^iependent translation In cancer c^ls Is tiie use 
Of gene tiierapy vectors encoding sulcidd genes wfth h^iy 

stnicturod 5' UTRThesemF^woukf fltusbeataoorr^s^ftive 
dteadvanlage fii nonfnal cdlis and not translate well, vrfie^ 
cancerc^ ttiey would translalenrwreefffelentiy. For example 

introduction of the 5' um of fibrol*sl spowth 
tire coding sequence of /Jeoaes s&rv^ v*tis fype^ 
/tfiwe gene, aSows for selective tnm^on of /wi^ 
i*usfype-7 tfjyTnfcfifne/tfnasegene In breast cancer oeO lines 
compared wfth normal mammary c^ Ones and resuHs In se- 
lective sensftM^to gandctovlr (117). 

Toward the Aitura 

T>anslaBon b a ofudal process In every c^L However, several 
^eralions fti tianslaHonal control occur In cancer. Cancer cete 
appear to need an aberrantiy activated tianslational state fbr 
survhfat, tiius allowing tf» targeting of translation 
surprisingly low toxfcfty. Components of ttie transJational ma- 
chlnay, su^ as elF46 and signal transduction pattiw^ fn- 
volved In translation f rirtialkjn, such mTOR, r^rcsent ptDml^ng 
targetstbr cancer tiierapy. Inhibitors of tiie mTOR have already 
shown some preliminary acti^rfty In dWcal trials. It is possible 
tiiat wltti tfie cfevelopment of better predictive markers and 
better patient selection, response rates to singfe-a^ therapy 
can be Improved. SlmOar to ottier cytostatic agents, however 
mTOR Inhibitors are mwt fficeV to achte^to cOnlcal utiRy In 
combination tiierapy. In tite Interim, our Increasing understand- 
ing <rf tianslaflon inltiatton and signal transduction pattiways 

promise to lead to tiie Identification of new flierapeuflo targets 
In the near future. 
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We have determined the relationship between mRNA and protein expression levels for selected genes 
expressed m the yeast Saccharomyces cerevisiae growing at mid-log phase. The proteins contained in total veast 
cell lysate were separated by high-resolution two-dimensional (2D) gel electrophoresis. Over 150 protein soots 
were excised and identified by capillary liquid chromatography-tandem mass spectrometry (LC-MS/MS) 
Protein spots were quantified by metabolic labeling and scintillation counting. Corresponding mRNA levels 
were calculated f^om serial analysis of gene expression (SAGE) frequency tables (V. E. Velculescu, L. Zhang 

7H'2^2k^ ^A.^J'r'' ^' ^''> Hieter, B. Vogelstein, and K. W. Kinzler, Cdl 

88.243-251, 1997). We found that the correlation between mRNA and protein levels was insufficient to predict 
protem expression levels from quantitative mRNA data. Indeed, for some genes, while the mRNA levels were 
of the same value the protein levels varied by more than 20.fold. Conversely, invariant steady-state levels of 
certain proteins were observed with respective mRNA transcript levels that varied by as much as 30-fold 
Another mteresting observation is that codon bias is not a predictor of either protein or mRNA levels. Our 
results clearly delmeate the technical boundaries of current approaches for quantitative analysis of protein 
expression and reveal that simple deduction from mRNA transcript analysis is insufficient 



The description of the state of a biological system by the 
quantitative measurement of the system constituents is an es- 
sential but largely unexplored area of biology. With recent 
technical advances including the development of differential 
display-PCR (21), of cDNA microarray and DNA chip tech- 
nology (20, 27), and of serial analysis of gene expression 
(SAGE) (34, 35), it is now feasible to establish global and 
quantitative mRNA expression profiles of cells and tissues in 
spedes for which the sequence of all the genes is known. 
However, there is emerging evidence which suggests that 
mRNA expression patterns are necessary but are by them- 
selves insufficient for the quantitative description of biological 
systems. This evidence includes discoveries of posttranscrip- 
tional mechanisms controlling the protein translation rate (15), 
the half-lives of specific proteins or mRNAs (33), and the 
intracellular location and molecular association of the protein 
products of expressed genes (32). 

Proteome analysis, defmed as the analysis of the protein 
complement expressed by a genome (26), has been suggested 
as an approach to the quantitative description of the state of a 
biological system by the quantitative analysis of protein expres- 
sion profiles (36). Proteome analysis is conceptually attractive 
because of its potential to determine properties of biological 
systems that are not apparent by DNA or mRNA sequence 
analysis alone. Such properties include the quantity of protein 
expression, the subcellular location, the state of modification, 
and the association with ligands, as well as the rate of change 
with time of such properties. In contrast to the genomes of a 
number of microorganisms (for a review, see reference 11) and 
the transcriptomc of Saccharomyces cerevisiae (35), which have 
been entirely determined, no proteome map has been com- 
pleted to date. 

The most common implementation of proteome analysis is 
the combination of two-dimensional gel electrophoresis (2DE) 
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(isoelectric focusing-sodium dodecyl sulfate [SDS]-polyacryl- 
amide gel electrophoresis) for the separation and quantitation 
of proteins with analytical methods for their identification. 
2DE permits the separation, visualization, and quantitation of 
thousands of proteins reproducibly on a single gel (18, 24). By 
itself, 2DE is strictly a descriptive technique. The combination 
of 2DE with protein analytical techniques has added the pos- 
sibility of establishing the identities of separated proteins (1, 2) 
and thus, in combination with quantitative mRNA analysis, of 
correlating quantitative protein and mRNA expression mea- 
surements of selected genes. 

The recent introduction of mass spectrometric protein anal- 
ysis techniques has dramatically enhanced the throughput and 
sensitivity of protein identification to a level which now permits 
the large-scale analysis of proteins separated by 2DE. The 
techniques have reached a level of sensitivity that permits the 
identification of essentially any protein that is detectable in the 
gels by conventional protein staining (9, 29). Current protein 
analytical technology is based on the mass spectrometric gen- 
eration of peptide fragment patterns that are idiotypic for the 
sequence of a protein. Protein identity is established by corre- 
lating such fragment patterns with sequence databases (10, 22, 
37). Sophisticated computer software (8) has automated the 
enthe process such that proteins are routinely identified with 
no human interpretation of peptide fragment patterns. 

In this study, we have analyzed the mRNA and protein levels 
of a group of genes expressed in exponentially growing cells of 
the yeast S. cerevisiae. Protein expression levels were quantified 
by metabolic labeling of the yeast proteins to a steady state, 
followed by 2DE and liquid scintillation counting of the se- 
lected, separated protein species. Separated proteins were 
identified by in-gel tiyptic digestion of spots with subsequent 
analysis by microspray liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) and sequence database searching. 
The corresponding mRNA transcript levels were calculated 
from SAGE frequency tables (35). 

This study, for the first time, explores a quantitative com- 
parison of mRNA transcript and protein expression levels for 
a relatively large number of genes expressed in the same met- 
abolic state. The resultant correlation is insufficient for predic- 
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FIG. 1. Schematic aiustration of proteome analysis by 2DE and mass spectrometiy. In part I, proteins are separated by 2DE stained soots are excised and «,h,Pr.,rf 
to .n.ge digestion with trypsin, and the resulting peptides are separated by on-line rapiuLy h^^l«ifonnance liqnM lomSSy K II a^^^ 
t^^i^r, ' ii "^"1^' "«='">=P"y io-^tion and ent^ 'he ias, speetromerr ^.S^he ioL^d^^^^^^^ 

oni»H rn,^''' ii"!'^ '"T """^ mass-to-charge ratio of the selected peptide ion to pass into the colUsion ceU. In ^^^nc^^^^c^ 

These pept.de fragments are detected as a tandem ma^ (MS/MS) spectrum in the third quadripole maTii^Se ^on 



tion of protein levels from mRNA transcript levels. We have 
also compared the relative amounts of protein and mRNA 
with the respective codon bias values for the corresponding 
genes. This comparison indicates that codon bias by itself is 
insufficient to accurately predict either the mRNA or the pro- 
tein expression levels of a gene. In addition, the results dem- 
onstrate that only highly expressed proteins are detectable by 
2DE separation of total cell lysates and that therefore the 
construction of complete proteome maps with current technol- 
ogy will be very challenging, irrespective of the type of organ- 
ism. 

MATERIALS AND METHODS 

Yeast strain and growth conditions. The source of protein and message tran- 
scripts for all experiments was YPH499 (MATa uraS-Sl fysl-SOl ade2-101 
Ieu2-M his3-^200trpl-^63) (30). Logarithmically growing cells were obtained by 
growing yeast cells to early log phase (3 x 10*^ cells/ml) in YPD rich medium 
(YPD supplemented with 6 mM uracil, 4.8 mM adenine, and 24 mM tryptophan) 
at 30*C (35). Metabolic labeling of protein was accomplished in YPD medium 



exactly as described elsewhere (4) with the exception that 1 ml of cells was 
labeled with 3 mCi to offset methionine present in YPD medium. Protein was 
harvested as described by Garrcls and coworkers (12). Harvested protein was 
lyophilized, rcsuspcnded in isoelectric focusing gel rehydration solution, and 
stored at -80*C 

2DE. Soluble proteins were run in the first dimension by using a commercial 
flatbed electrophoresis system (Multiphor II; Pharmacia Biotech). Immobilized 
polyaciylamide gel (IPG) dry strips with nonlinear pH 3.0 to lO.O gradients 
(Amersham-Pharmacia Biotech) were used for the first-dimension separation. 
Forty micrograms of protein from whole-cell lysates was mixed with IPG strip 
rehydration buffer (8 M urea, 2% Nonidet P-40, 10 mM dithiothreitol), and 250 
to 380 111 of solution was added to individual lanes of an IPG strip rehydration 
tray (Amersham-Pharmacia Biotech). The strips were allowed to rchydratc at 
room temperature for 1 h. The samples were run at 300 V-IO mA-5 W for 2 h, 
then ramped to 3^00 V-IO mA-5 W over a period of 3 h, and then kept at 3,500 
V-IO mA-5 W for 15 to 19 h. At the end of the first-dimension run (60 to 70 kV • 
h), the IPG strips were reequilibrated for 8 min in 2% (wt/vol) dithiothreitol in 
2% (wt/vol) SDS-6 M urca-30% (wt^ol) glycerol-O.05 M Tris HCl (pH 6.8) and 
for 4 min in 2.5% iodoacetamide in 2% (wt/vol) SOS-6 M urca-30% (wt/vol) 
gIyceroM).05 M Tris HQ (pH 6.8). FoUowing rccquiUbration, the strips were 
transferred and apposed to 10% polyaciylamide second-dimension gels. Poly- 
aciylamide gels were poured in a casting stand with 10% acrylamide^2.67% 
piperazine diaciyiamide-OJ75 M Tris base-HQ (pH 8.8)-0.1% (wt/vol) SDS-O.QS% 
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; i sJver-stained gel of the proteins in yeast total ceU lysate. Proteins were separated in the first dimension (horizontal) by isoelectric focusing and then in 
he second dimension (vertical) by molecular wei 

and staining mtensities Spots were excised, and the corresponding protein was identified by mass spectrometry and database ^SfKo^^^^ on Ae 
gel and correspond to the data presented in Table L Molecular weights arc given in thousands. uaiaoase searcnmg. 1 ne spots are labeled on the 



(wt/vol) ammonium persulfate-0.05% TEMED (JV^^'^'-tetramethylethyl- 
enediamine) in MiUi-Q water. The apparatus used to run second-dimension gels 
was a noncommercial apparatus from Oxford Glycosciences, Inc. Once the IPG 
strips were apposed to the second-dimension gels, they were immediately run at 
50 mA (constant>-500 V-«5 W for 20 min, foUowed by 200 mA (constant)-500 
V-85 W until the buffer front line was 10 to 15 mm from the bottom of the gel. 
Gels were removed and siKcr stained according to the piDccdurc of Shevchenko 
et al. (29). 

Protein identification. Gels were exposed to X-ray film overmght, and then tiic 
sUvcr staining and film were used to excise 156 spots of varying intensities, 
molecular weights, and isoelectric focusing points. In order to increase the 
detection limit by mass spectrometry, spots were cut out and pooled from up to 
four identical cold, silver-stained gels. In-gel tryptic digests of pooled spots were 
performed as described previously (29). Tiyptic peptides were analyzed by mi- 
crocapiUaiy LC-MS with automated switching to MS/MS mode for peptide 
fragmentation. Spectra were searched against the composite OWL protein se- 
quence database (version 30.2; 250,514 protein sequences) (24a) by using the 
computer program Scquest (8), which matches theoretical and acquired tandem 
mass spectra. A protein match was determined by comparing the number of 
peptides identified and their respective cross-correlation scores. All protein 
identificauons were verified by comparison with theoretical molecular weights 
and isoelectric points. 



mRNA quantitation. Velculescu and coworkers have previously generated 
frequency tables for yeast mRNA transcripts from the same strain grown under 
Uie same stated conditions as described herein (35). The SAGE technology is 
based on two main principles. First, a short sequence tag (15 bp) that contains 
sufficient information uniquely to identify a transcript is generated. A single tag 
is usually generated from each mRNA transcript in the ceU which corresponds to 
15 bp at Uie 3'-most cutting site for MoIII. Second, many transcript tags can be 
concatenated into a single molecule and then sequenced, revealing Uie identity of 
multiple tags simultaneously. Over 20,000 transcripts were sequenced from yeast 
strain YPH499 growing at mid-log phase on glucose. Assuming die previously 
derived estimate of 15,000 mRNA molecules per ceU (16), this would represent 
a 1.3-fold coverage even for mRNA molecules present at a single copy per cell 
and would provide a 72% probability of detecting such transcripts. Computer 
software which took for input tiie gene detected, examined the nucleotide se- 
quence, and performed Uie calculation as described by Velculescu and coworiccrs 
(35) was written. In practice, we found tiiat for 21 of 128 (16%) genes examined 
viable mRNA levels from SAGE data could not be calculated. This was because 
(i) no CATG site was found in tiie open reading frame (ORF), (u) a CATG site 
was found but the corresponding 10-bp putative SAGE tag was not found in tiie 
frequency tables, or (iii) identical putative SAGE tags were present for multiple 
genes (e.g., TDH2_YEAST and TDH3 YEAST). 
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TABLE 1. Expressed genes identified from 2D gel in Fig. 2 



Mol wt 




Spot no. YPI^et"^ 
name 


dbundcincc 
(10^ copies/ 
cell) 


mRNA ^ ^ 
abundance ^°!*°" 
(copies/ceU) "'^ 


17,259 


6.75 


133 


CPRl 


15.2 


61.7 


0.769 


18,702 


4.80 


83 


EGD2 


20.1 


5.2 


0.724 


18,726 


4,44 


147 


YKL056C 


61.2 


88.4 


0.831 


18,978 


5.95 


135 


YER067W 


3.7 


6.7 


0.118 


19,108 


5.04 


130 


YLR109W 


94.4 


9.7 


0.680 


19,681 


9.08 


136 


ATP7 


11.0 




0.246 


20,505 


6.07 


111 


GUKl 


16.5 


3.7 


0.422 


21,444 


5.25 


148 


SARI 


5.4 


10.4 


0.455 


21,583 


4.98 


95 


TSAl 


110.6 


40.1 


0.845 


22,602 


4.30 


80 


EFBl 


66.1 


23.8 


0.875 


23,079 


6.29 


112 


S0D2 


12.6 


2.2 


0.351 


23,743 


5.44 


137 


HSP26 


NA^ 


0.7 


0.434 


24,033 


5.97 


96 


ADKl 


17.4 


16.4 


0.656 


24,058 


4.43 


143 


YKL117W 


29.2 


10.4 


0.339 


24,353 


6.30 


140 


TFSl 


8.1 


0.7 


0.146 


24,662 


5.85 


99 


URA5 


25.4 


6.0 


0.359 


24,808 


6,33 


97 


GSPl 


26.3 


5.2 


0.735 


24,908 


8.73 


122 


RPS5 


18.6 


NA'^ 


0.899 


25,081 


4.65 


81 


MRP8 


9.3 


NA" 


0.241 


25,960 


6.06 


116 


RPEl 


5.8 


0.7 


0.372 


26,378 


9.55 


127 


RPS3 


96.8 


NA^ 


0.863 


26,467 


5,18 


100 


VMA4 


10.5 


3.7 


0.427 


26,661 


5.84 


98 


TPIl 


NA'' 


NA^ 


0.900 


27,156 


5.56 


93 


PRE8 


6,9 


0.7 


0.129 


27334 


6,13 


115 


YHR049W 


18.4 


2.2 


0.520 


27,472 


5.33 


92 


YNLOlOW 


31.6 


3.7 


0.421 


27,480 


8.95 


123 


GPMl 


10.0 


169,4 


0.902 


27,480 


8,95 


124 


GPMl 


231.4 


169.4 


0.902 


27,480 


8.95 


125 


GPMl 


7.5 


169.4 


0.902 


27,809 


5.97 


139 


HOR2 


5.7 


0.7 


0.381 


27,874 


4.46 


78 


YSTl 


13.6 


52.8 


0.805 


28,595 


4.51 


41 


PUP2 


4.4 


0.7 


0.147 


29,156 


6.59 


114 


YMR226C 


14.5 


2.2 


0.283 


29,244 


8.40 


120 


DPMI 


5.0 


11.2 


0.362 


29,443 


5.91 


48 


PRE4 


3,4 


3.7 


0,162 


30,012 


6.39 


138 


PRBl 


21.2 


1.5 


0.449 


30,073 


4.63 


77 


BMHl 


14.7 


28.2 


0.454 


30,296 


7.94 


121 


0MP2 


67.4 


41,6 


0.499 


30,435 


6.34 


89 


GPPl 


70.2 


11.2 


0.703 


31,332 


5,57 


88 


ILV6 


13.9 


3.0 


0.402 


32,159 


5.46 


113 


IPPl 


63,1 


3.7 


0.752 


32,263 


6.00 


149 


HISl 


22.4 


4.5 


0.232 


33,311 


5.35 


84 


SPE3 


15.1 


6.7 


0.468 


34,465 


5.60 


129 


ADEl 


8.7 


5.2 


0.305 


34,762 


5.32 


85 


SEC14 


10.9 


6.0 


0.373 


34,797 


5.85 


42 


URAl 


49.5 


8.9 


0.237 


34,799 


6.04 


90 


BELl 


103.2 


81.0 


0.875 


35,556 


5.97 


43 


YDL124W 


6.4 


4.5 


0.206 


35,619 


8.41 


59 


TDHl 


69.8 


32.r 


0.940 


35,650 


5.49 


68 


CARl 


5.2 


3.0 


0.339 


35,712 


6.72 


117 


TDH2 


49.6 


473.0^ 


0.982 


35,712 


6.72 


154 




863.5 


473.0^ 


0.982 


35,712 


6.72 


155 


TDH2 


79.4 


473.0^ 


0.982 


36,272 


4.85 


128 


APAl 


8.7 


0.7 


0.425 


36,358 


5.05 


75 


YJR105W 


17.6 


17.1 


0.522 


36358 




76 


YJR105W 


27.5 


17.1 


0.522 


36!596 


6.37 


79 


ADH2 


58.9 


260.0" 


0.711 


36,714 


6.30 


102 


ADHl 


746.1 


260.0 


0.913 


36,714 


6.30 


103 


ADHl 


17.6 


260.0 


0.913 


36,714 


6.30 


104 


ADHl 


61.4 


260.0 


0.913 


36,714 


6.30 


105 


ADHl 


52,7 


260.0 


0.913 


37,033 


6.23 


44 


TALI 


44.8 


3.7 


0.701 


37,796 


7.36 


57 


IDH2 


29.4 


6.7 


0.330 


37,886 


6.49 


106 


ILV5 


76.0 


4.5 


0.892 


38,700 


7.83 


55 


BATl 


30.9 


11.2 


0.469 


38,702 


6.24 


46 


QCR2 


NA** 


2.2 


0.326 
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TABLE I— Continued 



Mol wt 


Pl 


Spot no. YPDgene 
name'' 


Protein 
abundance 
(IQ-* copies/ 
ceil J 


mRNA 
abundance 
(copies/cell) 


39,477 


5.58 


86 


FBAl 


17.8 


183.6 


0.935 


39,477 


5.58 


87 


FBAl 


427.2 


183.6 


0.935 


39,540 


6.50 


150 


HOM2 


60.3 


. 4.5 


0.592 


39,561 


6.12 


156 


PSAl 


96.4 


27.5 


0.718 


41,158 


6.01 


49 


YNL134C 


14.9 


1.5 


0.316 


41,623 


7.18 


58 


BAT2 


19.0 


8.9 


0.250 


41,728 


7.29 


110 


ERGIO 


24.1 


4.5 


0.543 


41,900 


5.42 


74 


TOM40 


22.3 


2.2 


0.375 


42,402 


6.29 


45 


CYS3 


6.7 


8.9 


0.621 


42,883 


5.63 


67 


DYSl 


15.8 


5.2 


0.526 


43,409 


6.31 


107 


SERl 


10.5 


1.5 


0.292 


43,421 


5.59 


91 


ERG6 


2.2 


14.1 


0.408 


44,174 


7.32 


56 


YBR025C 


13.1 


6.0 


0.684 


44,682 


4.99 


72 


TIFl 


2.9 


39.4 


0.834 


44,707 


7.77 


108 


PGKl 


23.7 


165.7 


0.897 


44,707 


7.77 


109 


PGKl 


315.2 


165.7 


0.897 


46,080 


6.72 


30 


CAR2 


15.4 


NA^ 


0.495 


46,383 


8.52 


53 


IDPl 


7.7 


0.7 


0.436 


46,553 


5.98 


47 


IDP2 


32.4 


NA^ 


0.197 


46,679 


6.39 


50 


ENOl 


35.4 


0.7 


0.930 


46,679 


6.39 


51 


ENOl 


6.6 


0.7 


0.930 


46,679 


6.39 


52 


ENOl 


2.2 


0.7 


0.930 


46,773 


5.82 


63 


EN02 


15.5 


289.1 


0.960 


46,773 


5.82 


64 


EN02 


635.5 


289.1 


0.960 


46,773 


5.82 


65 


EN02 


93.0 


289.1 


0.960 


46,773 


5.82 


66 


EN02 


31.0 


289,1 


0.960 


47,402 


6.09 


126 


CORl 


2.5 


0,7 


0.422 


47,666 


8.98 


54 


AAT2 


11.7 


6.0 


0.338 


48,364 


5.25 


73 


WTMl 


74.5 


13.4 


0.365 


48,530 


6.20 


61 


MET17 


38.1 


29.0 


0.576 


48,904 


5.18 


69 


LYS9 


16.2 


3.7 


0.463 


48,987 


4.90 


153 


SUP45 


29.6 


11.9 


0.377 


49,727 


5.47 


70 


PR02 


13.6 


5.2 


0.297 


49,912 


9.27 


62 


TEF2 


558.5 


282,0 


0.932 


50,444 


5.67 


35 


YDR190C 


4.8 


2.2 


0.228 


50,837 


6.11 


32 


YEL047C 


3.8 


1.5 


0.387 


50,891 


4.59 


151 


TUB2 


11.2 


7.4 


0.404 


51,547 


6.80 


27 


LPDl 


18.9 


2.2 


0.351 


52,216 


7.25 


29 


SHM2 


19.7 


7.4 


0.722 


52,859 


5.54 


37 


YFR044C 


30.2 


6.7 


0.442 


53,798 


5.19 


71 


HXK2 


26.5 


7.4 


0.756 


53,803 


6.05 


145 


GYP6 


4.4 


0.7 


0.147 


54,403 


5.29 


39 


ALD6 


37.7 


2.2 


0,664 


54,403 


5.29 


40 


ALD6 


6.6 


2.2 


0.664 


54,502 


6.20 


31 


ADE13 


6.3 


1,5 


0.417 


54,543 


7.75 


25 


PYKl 


225.3 


101.8 


0.965 


54,543 


7.75 


26 


PYKl 


39.8 


101.8 


0.965 


55,221 


6.66 


146 


YEL071W 


16.3 


3.0 


0.244 


55,295 


4.35 


134 


PDIl 


66.2 


14.1 


0.589 


55,364 


5.98 


24 


GLKl 


22.6 


6.0 


0.237 


55,481 


7.97 


118 


ATPl 


21.6 


2.2 


0.637 


55,886 


6.47 


28 


CYS4 


22.2 


NA*^ 


0,444 


56,167 


5.83 


33 


AR08 


14.3 


3.0 


0.324 


56,167 


5.83 


34 


AR08 


9.1 


3.0 


0.324 


56,584 


6.36 


20 


CYB2 


18.9 


NA'^ 


0.259 


57,366 


5.53 


60 


FRS2 


2.3 


0.7 


0.451 


57,383 


5.98 


144 


ZWFl 


5.6 


0.7 


0.215 


57,464 


5.49 


36 


THR4 


21.4 


3.7 


0.508 


57,512 


5.50 


7 


SRV2 


6.5 


NA^ 


0.260 


57,727 


4.92 


152 


VMA2 


33.7 


8.9 


0.546 


58,573 


6.47 


17 


ACHl 


4.4 


1.5 


0.327 


58,573 


6.47 


18 


ACHl 


5.4 


1.5 


0.327 


61,353 


5.87 


21 


PDCl 


6.5 


200.7 


0.962 


61,353 


5.87 


22 


PDCl 


303.2 


200.7 


0.962 


61,353 


5.87 


23 


PDCl 


16.3 


200.7 


0.962 


61,649 


5.54 


38 


cere 


2.2 


1.5 


0.271 
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TABLE 1— Continued 



Mol wt 




Spot no. 


YPD gene 
name" 


Protein 
abundance 
(10-^ copies/ 
cell) 


mRNA 
abundance 
(copies/cell) 


Codon 
bias 


oi, yuz 


6.21 


101 


PDC5 


4.3 


NA^' 


0.828 




6.19 


16 


ICLl 


20.1 


NA'^ 


0.327 




8.02 


19 


ILV3 


5.3 


4.5 


0.548 




6.40 


119 


PGM2 


2.2 


3.0 


0.402 


/r^ lie 


S.ll 


5 


PABl 


30.4 


1.5 


0.616 




5.42 


8 


STIl 


6.7 


0.7 


0.313 


1 on 


5.42 


9 


STIl 


6.4 


0.7 


0.313 


00,4jU 


5,29 


141 


SSB2 


7.0 


NA^ 


0.880 




5.29 


142 


SSB2 


2.3 


NA^ 


0.880 


00,4 JO 


5,23 


10 


SSBl 


64.5 


79.5 


0.907 


00,456 


5.23 


11 


SSBl 


59.0 


79.5 


0.907 


00,456 


5.23 


12 


SSBl 


13.7 


79.5 


0.907 




5.82 


82 


LEU4 


3.1 


3.0 


0.407 


69,313 


4.90 






z4.3 


18.6 


0.892 


691313 


4!90 


14 


SSA2 


77.1 


18.6 


0.892 


74,378 


8.46 


15 


YKL029C 


2.8 


3.7 


0.353 


75,396 


5.82 


6 


GRSl 


5.5 


7.4 


0.500 


85,720 


6.25 


1 


MET6 


2.0 


NA" 


0.772 


85,720 


6.25 


2 


MET6 


10.9 


NA" 


0.772 


85.720 


6.25 


3 


MET6 


1.4 


NA"^ 


0.772 


93,276 


6.11 


131 


EFTl 


17.9 


41.6 


0.890 


93,276 


6.11 


132 


EFTl 


5.7 


41.6 


0.890 


102,064' 


6.6r 


94 


ADE3 


4.8 


5.2 


0.423 


107,482' 


5.33' 


4 


MCM3 


2.7 


NA*^ 


0.240 



^ YPD gene names are available from the YPD website (39). 
* NA, calculation could not be performed or was not available. 
" mRNA data inconclusive or NA. 
No methionines in predicted ORF; therefore, protein concentration was not 
determined. 

' Measured molecular weight or pi did not match theoretical molecular weight 
or pi. ^ 



Protein quantitation. p^SJmethionine-labeled gels were exposed to X-ray fUm 
overnight, and then the silver stain and film were used to excise 156 spots of 
varying intensities, molecular weights, and pis. The excised spots were placed in 
0.6-ml microcentrifuge tubes, and scintillation cocktail (100 jjlI) was added. The 
samples were vortexcd and counted. In addition, two parallel gels were electro- 
blotted to polyvinylidene difluoride membranes. The membranes were exposed 
to X-ray fihn, and four intense single spots were excised from each membrane 
and subjected to amino acid analysis. For these four spots, a mean of 209 ± 4 
cpm/pmol of proteiu/methionine was found. This number was used to quantitate 
all remaining spots in conjunction with the number of methionines present in the 
protein. 

To ensure that proteins were labeled to equilibrium, parallel 2D gels were 
prepared and run on yeast metabolically labeled for 1, 2, 6, or 18 h. The 
corresponding 156 spots were excised from each gel, and radioactivity was mea- 
sured by liquid scintillation counting for each spot. Calculated protein levels were 
highly reproducible for all time points measured after 1 h. 

Calculation of codon bias and predicted halMife. Codon bias values were 
extracted from the YPD spreadsheet (17). Protein half-lives were calculated 
based on the N-end rule (33). When the N-terminal processing was not known 
expenmentally, it was predicted based on the affinity of methionine aminoocD- 
Udase (31). *^ ^ 



RESULTS 

Characteristics of proteome approach. Nearly every facet of 
proteome analysis hinges on the unambiguous identification of 
large numbers of expressed proteins in cells. Several tech- 
niques have been described previously for the identification of 
proteins separated by 2DE, including N-terminal and internal 
sequencing (1, 2), amino acid analysis (38), and more recently 
mass spectrometry (25). We utilized techniques based on mass 
spectrometry because they afford the highest levels of sensitiv- 
ity and provide unambiguous identification. The specific pro- 
cedure used is schematically illustrated in Fig, 1 and is based 
on three principles. First, proteins are removed from the gel by 



proteolytic in-gel digestion, and the resulting peptides are sep- 
arated by on-line capillary high-performance liquid chromatog- 
raphy. Second, the eluting peptides are ionized and detected, and 
the specific peptide ions are selected and fragmented by the 
mass spectrometer. To achieve this, the mass spectrometer 
switches between the MS mode (for peptide mass identifica- 
tion) and the MS/MS mode (for peptide characterization and 
sequencing). Selected peptides are fragmented by a process 
called collision-induced dissociation (CID) to generate a tan- 
dem mass spectrum (MS/MS spectrum) that contains the pep- 
tide sequence information. Third, individual CID mass spectra 
are then compared by computer algorithms to predicted spec- 
tra from a sequence database. This results in the identification 
of the peptide and, by association, the protein(s) in the spot. 
Unambiguous protein identification is attained in a single anal- 
ysis by the detection of multiple peptides derived from the 
same protein. 

Protein identification. Yeast total cell protein lysate (40 jjig), 
metabolically labeled with [^^SJmethionine, was electro- 
phoretically separated by isoelectric focusing in the first dimen- 
sion and by SDS-10% polyacrylamide gel electrophoresis in 
the second dimension. Proteins were visualized by silver stain- 
ing and by autoradiography. Of the more than 1,000 proteins 
visible by silver staining, 156 spots were excised from the gel 
and subjected to in-gel tryptic digestion, and the resulting 
peptides were analyzed and identified by microspray LC- 
MS/MS techniques as described above. The proteins in this 
study were all identified automatically by computer software 
with no human interpretation of mass spectra. They are indi- 
cated in Fig. 2 and detailed in Table 1. 

The CID spectra shown in Fig, 3 indicate that the quality of 
the identification data generated was suitable for unambiguous 
protein identification. The spectra represent the amino acid 
sequences of tryptic peptides NSGDIVNLGSIAGR (Fig 3A) 
and FAVGAFTDSLR (Fig. 3B). Both peptides were derived 
from protein S57593 (hypothetical protein YMR226C), which 
migrated to spot 114 (molecular weight, 29,156; pi, 6.59) in the 
2D gel in Fig. 2. Fhre other peptides from the same analysis 
were also computer matched to the same protein sequence. 

Protein and mRNA quantitation. For the 156 genes investi- 
gated, the protein expression levels ranged from 2,200 (PGM2) 
to 863,000 (TDH2/rDH3) copies/cell. The levels of mRNA for 
each of the genes identified were calculated from SAGE fre- 
quency tables (35). These tables contain the mRNA levels for 
4,665 genes in yeast strain YPH499 grown to mid-log phase in 
YPD medium on glucose as a carbon source. In some in- 
stances, the mRNA levels could not be calculated for reasons 
stated in Materials and Methods. For the proteins analyzed in 
this study, mean transcript levels varied from 0.7 to 473 copies/ 
cell. 

Selection of the sample population for mRNA-protein ex- 
pression level correlation. The protein spots selected for iden- 
tification were selected from spots visible by silver staining in 
the 2D gel. An attempt was made not to include spots where 
overlap with other spots was readily apparent. The number of 
proteins identified was 156 (Table 1). Some proteins migrated 
to more than one spot (presumably due to differential protein 
processing or modifications), and protein levels from these 
spots were calculated by integrating the intensities of the dif- 
ferent spots. The 156 protein spots analyzed represented the 
products of 128 different genes. Genes were excluded from the 
correlation analysis only if part of the data set was missing; i.e., 
genes were excluded if (i) no mRNA expression data were 
available for the protein or putative SAGE tags were ambig- 
uous, (ii) the amino acid sequence did not contain methionine, 
(iii) more than a single protein was conclusively identified as 
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migrating to the same gel spot, or (iv) the theoretical and 
observed pis and molecular weights could not be reconciled. 
After these criteria were applied, the number of genes used in 
the correlation analysis was 106. 



Codon bias and predicted halMives. Codon bias is thought 
to be an indicator of protein expression, with highly expressed 
proteins having large codon bias values. The codon bias distri- 
bution for the entire set of more than 6,000 predicted yeast 
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gene ORFs is presented in Fig. 4A. The interval with the 
largest frequency of genes is between the codon bias values of 
0.0 and 0.1. This segment contains more than 2,500 genes. The 
distribution of the codon bias values of the 128 different genes 
found in this study (all protein spots from Fig. 2) is shown in 
Fig. 4B, and protein halMives (predicted from applying the 
N-end rule [33] to the experimentally determined or predicted 
protein N termini) are shown in Fig. 4C. No genes were iden- 
tified with codon bias values less than 0.1 even though thou- 
sands of genes exist in this category. In addition, nearly all of 
the proteins identified had long predicted half-lives (greater 
than 30 h). 

Correlation of mRNA and protein expression levels. The 

correlation between mRNA and protein levels of the genes 
selected as described above is shown in Fig. 5. For the entire 
group (106 genes) for which a complete data set was gener- 
ated, there was a general trend of increased protein levels 
resulting from increased mRNA levels. The Pearson product 
moment correlation coefficient for the whole data set (106 
genes) was 0.935. This number is highly biased by a small 
number of genes with very large protein and message levels. A 
more representative subset of the data is shown in the inset of 
Fig. 5. It shows genes for which the message level was below 10 
copies/cell and includes 69% (73 of 106 genes) of the data used 
in the study. The Pearson product moment correlation coeffi- 
cient for this data set was only 0,356. We also found that levels 
of protein expression coded for by mRNA with comparable 
abundance varied by as much as 30-fold and that the mRNA 
levels coding for proteins with comparable expression levels 
varied by as much as 20-fold. 

The distortion of the correlation value induced by the un- 
even distribution of the data points along the a: axis is further 
demonstrated by the analysis in Fig. 6. The 106 samples in- 
cluded in the study were ranked by protein abundance, and the 
Pearson product moment correlation coefficient was repeat- 
edly calculated after including progressively more, and higher- 
abundance, proteins in each calculation. The correlation values 
remained relatively stable in the range of 0.1 to 0.4 if the 
lowest-expressed 40 to 95 proteins used in this study were 
included. However, the correlation value steadily climbed by 
the inclusion of each of the 11 very highly expressed proteins. 

Correlatioii of protein and mRNA expression levels with 
codon bias. Codon bias is the propensity for a gene to utilize 
the same codon to encode an amino acid even though other 
codons would insert the identical amino acid in the growing 
polypeptide sequence. It is further thought that highly ex- 
pressed proteins have large codon biases (3). To assess the 
value of codon bias for predicting mRNA and protein levels in 
exponentially growing yeast cells, we plotted the two experi- 
mental sets of data versus the codon bias (Fig. 7). The distri- 
bution patterns for both mRNA and protein levels with respect 
to codon bias were highly similar. There was high variability in 
the data within the codon bias range of 0.8 to 1.0. Although a 
large codon bias generally resulted in higher protein and mes- 
sage expression levels, codon bias did not appear to be predic- 
tive of either protein levels or mRNA levels in the cell, 

DISCUSSION 

The desired end point for the description of a biological 
system is not the analysis of mRNA transcript levels alone but 
also the accurate measurement of protein expression levels and 
their respective activities. Quantitative analysis of global 
mRNA levels currently is a preferred method for the analysis 
of the state of cells and tissues (11). Several methods which 
either provide absolute mRNA abundance (34, 35) or relative 
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mRNA levels in comparative analyses (20, 27) have been de- 
scribed elsewhere. The techniques are fast and exquisitely sen- 
sitive and can provide mRNA abundance for potentially any 
expressed gene. Measured mRNA levels are often implicitly or 
explicitly extrapolated to indicate the levels of activity of the 
corresponding protein in the cell. Quantitative analysis of pro- 
tein expression levels (proteome analysis) is much more time- 
consuming because proteins are analyzed sequentially one by 
one and is not general because analyses are limited to the 
relatively highly expressed proteins. Proteome analysis does, 
however, provide types of data that are of critical importance 
for the description of the state of a biological system and that 
are not readily apparent from the sequence and the level of 
expression of the mRNA transcript. This study attempts to 
examine the relationship between mRNA and protein expres- 
sion levels for a large number of expressed genes in cells 
representing the same state. 

Limits in the sensitivity of current protein analysis technol- 
ogy precluded a completely random sampling of yeast proteins. 
We therefore based the study on those proteins visible by silver 
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Staining on a 2D gel. Of the more than 1,000 visible spots, 156 
were chosen to include the entire range of molecular weights, 
isoelectric focusing points, and staining intensities displayed on 
the 2D protein pattern. The genes identified in this study 
shared a number of properties. First, all of the proteins in this 
study had a codon bias of greater than 0.1 and 93% were 
greater than 0.2 (Fig. 4B). Second, with few exceptions, the 
proteins in this study had long predicted half-lives according to 
the N-end rule (Fig. 4C). Third, low-abundance proteins with 
regulatory functions such as transcription factors or protein 
kinases were not identified. 

Because the population of proteins used in this study ap- 
pears to be fairly homogeneous with respect to predicted half- 
life and codon bias, it might be expected that the correlation of 
the mRNA and protein e3q>ression levels would be stronger for 
this population than for a random sample of yeast proteins. We 
tested this assumption by evaluating the correlation value if 
different subsets of the available data were included in the 
calculation. The 106 proteins were ranked from lowest to high- 
est protein expression level, and the trend in the correlation 
value was evaluated by progressively including more of the 
higher-abundance proteins in the calculation (Fig. 6). The cor- 
relation value when only the lower-abundance 40 to 93 pro- 
teins were examined was consistently between 0.1 and 0.4. If 
the 11 most abundant proteins were included, the correlation 
steadily increased to 0.94. We therefore expect that the corre- 
lation for aU yeast proteins or for a random selection would be 
less than 0.4. The observed level of correlation between 
mRNA and protein expression levels suggests the importance 



of posttranslational mechanisms controlling gene expression. 
Such mechanisms include translational control (15) and con- 
trol of protein half-life (33). Since these mechanisms are also 
active in higher eukaryotic cells, we speculate that there is no 
predictive correlation between steady-state levels of mRNA 
and those of protein in mammalian cells. 

Like other large-scale analyses, the present study has several 
potential sources of error related to the methods used to de- 
termine mRNA and protein expression levels. The mRNA 
levels were calculated from frequency tables of SAGE data. 
This method is highly quantitative because it is based on actual 
sequencing of unique tags from each gene, and the number of 
times that a tag is represented is proportional to the number of 
mRNA molecules for a specific gene. This method has some 
limitations including the following: (i) the magnitude of the 
error in the measurement of mRNA levels is inversely propor- 
tional to the mRNA levels, (ii) SAGE tags from highly similar 
genes may not be distinguished and therefore are summed, (iii) 
some SAGE tags are from sequences in the 3' untranslated 
region of the transcript, (iv) incomplete cleavage at the SAGE 
tag site by the restriction enzyme can result in two tags repre- 
senting one mRNA, and (v) some transcripts actually do not 
generate a SAGE tag (34, 35). 

For the SAGE method, the error associated with a value 
increases with a decreasing number of transcripts per cell. The 
conclusions drawn from this study are dependent on the qual- 
ity of the mRNA levels from previously published data (35). 
Since more than 65% of the mRNA levels included in this 
study were calculated to 10 copies/cell or less (40% were less 



1728 GYGI ET AL. 



MoL. Cell. Biol. 



o 

o 
U 



0.90 



0.70 - 



0.50 



0.30 



0.10 



-0.10 




40 



Progressively include genes of increasingly higher protein abundanq 




50 



60 



70 



80 



90 



100 



110 



Number of genes included 



r«n?.H" L^r^r^ ?^ highly abundant proteins on Pearson product moment correlation coefficient for mRNA and protein abundance in yeast The set of 106 genes was 
r^^^Z^V^i^^T "5";:^^/^' ^""i}^^ «^"f*^5*°« ^f»"« .V^ by including the 40 lowest-abltndance genes and then progressively incE^I 

rcmammg 66 genes in order of abundance. The correlation value climbs as the final 11 highly abundant proteins arc included. «i«uamg me 



than 4 copies/cell), the error associated with these values may 
be quite large. The mRNA levels were calculated from more 
than 20,000 transcripts. Assuming that the estimate of 15,000 
mRNA molecules per cell is correct (16), this would mean that 
mRNA transcripts present at only a single copy per cell would 
be detected 72% of the time (35). The mRNA levels for each 
gene were carefully scrutinized, and only mRNA levels for 
which a high degree of confidence existed were included in the 
correlation value. 

Protein abundance was determined by metabolic radiolabel- 
ing with [^^SJmethionine. The calculation required knowledge 
of three variables: the number of methionines in the mature 
protein, the radioactivity contained in the protein, and the 
specific activity of the radiolabel normalized per methionine. 
The number of methionines per protein was determined from 
the amino acid sequence of the proteins identified by tandem 
mass spectrometry. For some protems, it was not known 
whether the methionine of the nascent polypeptide was pro- 
cessed away. The N termini of those proteins were predicted 
based on the specificity of methionine aminopeptidase (31). If 
the N-terminal processing did not conform to the predicted 
specificity of processing enzymes, the calculation of the num- 
ber of methionines would be affected. This discrepancy would 
affect most the quantitation of a protein with a very low num- 
ber of methionines. The average number of calculated methi- 
onines per protein in this stutfy was 7.2. We therefore expect 
the potential for erroneous protein quantitation due to un- 
usual N-terminal processing to be small. 



The amount of radioactivity contained in a single spot might 
be the sum of the radioactivity of comigrating proteins. Be- 
cause protein identification was based on tandem mass spec- 
trometric techniques, comigrating proteins could be identified. 
However, comigrating proteins were rarely detected in this 
study, most likely because relatively small amounts of total 
protein (40 jxg) were initially loaded onto the gels, which re- 
sulted in highly focused spots containing generally 1 to 25 ng of 
protein. Because of the relatively small amount loaded, the 
concentrations of any potentially comigrating protein would 
likely be below the limit of detection of the mass spectrometry 
technique used in this study (1 to 5 ng) and below the limit of 
visualization by siWer staining (1 to 5 ng). In the overwhehning 
majority of the samples analyzed, numerous peptides from a 
single protein were detected. It is assumed that any comigrat- 
ing proteins were at levels too low to be detected and that their 
influence in the calculation would be small. 

The specific activity of the radiolabel was determined by 
relating the precise amount of protein present in selected spots 
of a parallel gel, as determined by quantitative amino add 
composition analysis, to the number of methionines present in 
the sequence of those proteins and the radioactivity deter- 
mined by liquid scintillation counting. It is possible that the 
resulting number might be influenced by unavoidable losses 
inherent in the amino acid analysis procedure applied. Because 
four different proteins were utilized in the calculation and the 
experiment was done in duplicate, the specific activity calcu- 
lated is thought to be highly accurate. Indeed, the specific 
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activities calculated for each of the four proteins varied by less 
than 10%. Any inconsistencies in the calculation of the specific 
activity would result in differences in the absolute levels calcu- 
lated but not in the relative numbers and would therefore not 
influence the correlation value determined. 

The protein quantitative method used eliminates a number 
of potential errors inherent m previous methods for the quan- 
titation of proteins separated by 2DE, such as preferential 
protein staining and bias caused by inequalities in the number 
of radiolabeled residues per protein. Any 2D gel-based method 
of quantitation is complicated by the fact that in some cases the 
translation products of the same mRNA migrated to different 
spots. One major reason is posttranslational modification or 
processing of the protein. Also, artifactual proteolysis during 
cell lysis and sample preparation can lead to multiple resolved 
forms of the protein. In such cases, the protein levels of spots 
coded for by the same mRNA were pooled. In addition, the 
existence of other spots coded for by the same mRNA that 
were not analj^ed by mass spectrometry or that were below the 
limit of detection for silver staining cannot be ruled out. How- 
ever, since this study is based on a class of highly expressed 
proteins, the presence of undetected minor spots below silver 
staining sensitivity corresponding to a protein analyzed in the 
study would generally cause a relatively small error in protein 
quantitation. 

Codon bias is a measure of the propensity of an organism to 
selectively utilize certain codons which result in the incorpo- 
ration of the same amino add residue in a growing polypeptide 
chain. There are 61 possible codons that code for 20 amino 
acids. The larger the codon bias value, the smaller the number 
of codons that are used to encode the protein (19). It is 



thought that codon bias is a measure of protein abundance 
because highly expressed proteins generally have large codon 
bias values (3, 13). 

Nearly all of the most highly expressed proteins had codon 
bias values of greater than 0.8. However, we detected a number 
of genes with high codon bias and relative low protein abun- 
dance (Fig. 7). For example, the expressed gene with both the 
second largest protein and mRNA levels in the study was 
EN02_YEAST (775,000 and 289.1 copies/cell, respectively). 
EN01_YEAST was also present in the gel at much lower 
protein and mRNA levels (44,200 and 0.7 copies/cell, respec- 
tively). The codon bias values for EN02 and ENOl are similar 
(0.96 and 0.93, respectively), but the expression of the two 
genes is differentially regulated. Specificalfy, EN01_YEAST is 
glucose repressed (6) and was therefore present in low abun- 
dance under the conditions used. Other genes with large codon 
bias values that were not of high protein abundance in the gel 
include EFTl, TIFl, HXK2, GSPl, EGD2, SHM2, and TALI. 
We conclude that merely determining the codon bias of a gene 
is not sufRcient to predict its protein expression level. 

Interestingly, codon bias appears to be an excellent indicator 
of the boundaries of current 2D gel proteome analysis tech- 
nology. There are thousands of genes with expressed mRNA 
and likely expressed protein with codon bias values less than 
0.1 (Fig. 4A). In this study, we detected none of them, and only 
a veiy small percentage of the genes detected in this study had 
codon bias values between 0.1 and 0.2 (Fig. 4B). Indeed, in 
every examined yeast proteome study (5, 7, 13, 28) where the 
combined total number of identified proteins is 300 to 400, this 
same observation is true. It is expected that for the more 
complex cells of higher eukaiyotic organisms the detection of 



ll 

1730 GYGI ET AL. 



MoL. Cell. Biol. 



low-abundance proteins would be even more challenging than 
for yeast. This indicates that highly abundant, long-lived pro- 
teins are overwhelmingly detected in proteome studies. If pro- 
teome analysis is to provide truly meaningful information 
about cellular processes, it must be able to penetrate to the 
level of regulatory proteins, including transcription factors and 
protein kinases. A promising approach is the use of narrow- 
range focusing gels with immobilized pH gradients (IPG) (23). 
This would allow for the loading of significantly more protein 
per pH unit covered and also provide increased resolution of 
proteins with similar electrophoretic mobilities. A standard pH 
gradient in an isoelectric focusing gel covers a 7-pH-unit range 
(pH 3 to 10) over 18 cm. A narrow-range focusing gel might 
expand the range to 0.5 pH units over 18 cm or more. This 
could potentially increase by more than 10-fold the number of 
proteins that can be detected. Clearly, current proteome tech- 
nology is incapable of analyzing low-abundance regulatory pro- 
teins without employing an enrichment method for relatively 
low-abundance proteins. In conclusion, this study examined 
the relationship between yeast protein and message levels and 
revealed that transcript levels provide little predictive value 
with respect to the extent of protein expression. 
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HEBrlAieu Brieast Cancer Predicidve lasting 



Each YEAR, over.iS2.000 women in United Sttte^ m 
dI^gnosed.with hnM caQcer/md 82>i»0ximately 45,000 die 
of the dicease.! Incidence appears to be increasing in ^hc 
United 5tatei al a rate of roughly 2% per year. The reasons 
for the increase a« unclwnbnti^ 
-toplayalaigoiole.2 

Five-year survival rates range ftoin approximately d5%- * 
85%» depending cm demogrpi^c gnnip, with a significant 
penentage of women es^encing i^cun^ 
witliin 10 ycataof dlagno^. One of the factois mostpcedio- 
tiyc ftn- remnnce once a diagnosis of breast canc^ has been 
made is ihe number of udUaiy lymph nodes to ^Ich tumor 
has metutasixed. Most nodoTpo^tiye women are given adju- 
vMii fterawr, ^ich hopeam their survxval. However, 20%- 
aOH-of paUoiiu without akiUaiy node involvement alsb 
develop recurrent disease,, and die difiicolty Kea m how to Iden^ ' 
«fy this high-risk subset of patients. These patients could 
benefit from incmasBd survelUance, early intervention, and 
tftatment. •.*..• 

Prognostic martos currently used m breast cancer recur, 
renoe prediction hidudetiiittor size, histological grade, stooid 
homone receptor status. DMA ploidy, pioliferatlvo bidex, and 
cathepsin D status. Expression of growth fiM^reorators and 
over-j|xpression of the H£R»2/neo oncogene ha^ealso been 
Identified as having value regardu^ treatment reghnen pnd 
prognosis, 

Hip^neu (Bko known as c^B2) is an oncogene that 
encodes a tranmembmne glycoprtifcin diat is homologous 
U^ but distmct fiioro. the epideimal growth factcir recept<*. 
Numerous studies have indicated that high levels of expres- 
sion of this proieiri are associated with rapid tumor growth, 
certain forms of therapy resistance, and shorter diseaselfree 
survival. The gene has been shown to be amplified and/or 
ovo^sed m 105i.30% of invasive breast cancels and hi 
40%-60% of intraductal breast carembma.' 
utP!? ^ ^^^^ FDA^rovcd methods by which 
nS^" o"*"* ^ ^ evaluated: imnlunobistodhcmistiy 
OHQ Hctt^pTest™) andFISH (fluo^^ 
tiosj, PathVysionTM Kit). Both methods can be performed on 
archived and current specimen^. The first method aDows visual 
assessment of the amount of HER.2/neu protein present cm 
the cell membrane. The lattermethod.aUows direct quantiiB- 
cati^ of die level pf gene.aropUficatton i^resent in the lumoi; 
wabJing difiereoHaHon between low- verws high-ampliSca- 
tidh. At least one study has demonsu^ted a difTerenoe In 



recurrence jWc fa> women younger than 40 years of ase Ifar 
low- versus high-ampiified tumors (54.5% comfiared lb 
85.7%); this is compared to a recurrence rate of 1 6 7% 
patients with no HER-2/hea gene anipllfication.4 BBi.2feeu 

8Wui may l» particulariy unpoitattt to esiabB* to wcHtacf, w 
amaU(^1 cm) tumor size. . ««iwiui 

Ihe.cboice of mefiiqdolctgy.fbr detehnhiaficm or -BSSLoi 
neuilatusdependatepaitonthodinicali^t^ 
fox flie Vysis FISH test was granted based on clinical nials 
hivblvinal549node.po$itiye|iaUents. Patients xooeived one 
of three diffigreot treatments consistbg of difierent doses of 
'cyclophosphamide, Adriamychi, and 5-fio(ffOttracilte^ 
The ^wbr showed that patients with amplified HBlt-2/n^ 
bqicfitcd from tneatinent with higher doses of jidriamydn- 
based thenp^r, while those with normal HER^«u lofvebdid • 
not: The study thertfofe identified.a siOhaet pf women. Who 
b^use ftqj did not bentf t ^om more aggressWp ts^tmcnt 
did w>t ne^d to be exposed to the assoefarted aide effects, to 
additkiq, other e^denee indicatesftat HER.2/hett amplifica- 
tion iq node^^tWe paticmts can be used as an todcrondent 
prognoftiotodicator foreaftyrecurrtncc, tecunrent di«easeat 
aiiy time.and disease-related death.^ Demonstratioa of HER^ 
2Aieu gen^ amplHicattc>n by HSH has also been shown to be 
of vahw in predipting response to chemotherapy in staRe-2 
bi:eastcanbcr patients. " 

Selection.ofpaUeni8forHer^>tmO(lYaslttXttiMb^ 
. <*»«*Py» howevtti l« based upcm demoiuim. 

ttooofHER-2/neu protein ovmxpmionudivH^ieep^ * 
Studies using HcrceptinO m patient with roetasfalic breast 
cancer show an increase to time to disease progression 
mcreased response lat^ to cOiemotherapemic agents and a small' 
increase in overaU survival rate, TheJISH assays have n<^yct 
bcm 9pprov»i for this purpose, and smdles looWng'srrespbnse 
to Herceptm^ in patients with or without gene amDlifi^tlmi * 
status determined by FISH are to pro^s. . 

In genctaU FISH and IHC results conelate wdL However 
subsets of tumors are found which show dlsconbiit results' 
i.e.,protein ovierBxpresslOn without genean^ilificalic^ br lack 
ofproteinoyorexpression with gene amplification. T^^ dini- 
cal significance of such resul ts Is undear. Basci on the above 
ocmsidei^ons, HBR-2/neu tcsitog at SHM 
Wze immvnofaistochemlstiy (HercepTbstC) as a screen, fbl- 
lowed by TOH to IHCnegaUve cases. AUematWeR Ji 

method miy be ordered todividually depbulmg on % 
ealsetdngotclteidanpreferonce/ • 



Avouar isae' 



CPT code informatioii 



References 



HER*2/neuviaIHC 

88342 (including interpretive report) 

HER-2/neu via FISH 

88271 x2 Molecular cytogenetics, DNA ptobe, each 
88274 Molecular cytogenetics, interphase in situ hybrid- 
ization, analyze 25*99 cells 
88291 Cytogenetics and molecular cytogenetics, interpret 
tatioD an4 report 



Procedural Information 

Imnfiunohistochemistry is performed using the FDA-approved 
DAKO antibody kit, Herceptest^. The DAKO kit contains 
reagents required to complete a two-step inimunohisto- 
chemical staining procedure forroutinely processed, paraffin- 
embedded specimens. Following incubation with the primary 
rabbit antibody to human H£R-2/neu protein, the kit employs 
a ready-to-^se dextran-based visualization reagent. This re- 
agent consists of both secondary goat anti-rabbit antibody 
molecules with horseradish peroxidase molecules linked to a 
conoihon dextran polymer backbone, thus eliminating the need 
for sequential application of link antibody and peroxidase 
conjugated antibody. Enzymatic conversion of the subse- . 
quently added chromogen results in formation of visible 
reaction product at the antigen site. The specimen is then coun- 
terstained; a pathologist using light-microscopy interprets 
results. 

FISH analysis at SHMC/PAML is performed using the 
FDA-approved Path Vysion™ HER-2^eu DNA probe kit, pro- 
duced by Vysis, lnc, Formalin fixed, paraffin-embedded breast 
tissue is processed using routine histological methods, and then 
slides are treated to allow hybridization of DNA probes to the 
nuclei present in the tissue section. The Pathvysion'** kit con- 
tains two direct-labeled DNA probes, one specific for the 
alphoid repetitive DNA (CEP 1 7, spectrum orange) present at 
the chromosome4f;<fientEctinere and the second for the HER- 
2/neu oncogene located at 17ql 1 .2*12 (spectrum green). Nu- 
meration of the probes allows a ratio of the number of copies 
of chromosfome 17 to the number of copies of HER-2/neu to 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with.HER-2/neu gene ampliAcation. The clinically 
relevant distinction is whether the gene amplification is due 
to increa:sed gene copy number on the two chromosome 17 
. homolbgues normally present or an increase in the number.of 
chromosome 17s in the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
result, ratios of 2.1 and over indicate that amplification is 
present and to what degree. Interpretation of this data will be 
performed and reported (com the Vysis-certified Cytogenet- 
ics laboratoiy at SHMC. 
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